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PREFACE TO THE FOURTH EDITION 

During the fifteen years which have elapsed since the 
app^rance of the first edition of this book, recognition of 
the educational value of qualitative organic c^mkal analysis 
has widely extmded, with the result tl^t methods of the type 
advocated for such work have received increasing attention 
in pubUcaticms appearing in the scientific journals during this 
period. At the same time the normal progre^ of organic 
chemistry has disekised a varkty of new reactions and com- 
pounds ; so that it has been conadered advisable to subject 
the portion of the text dealing with the qualitative aspect 
of organic analysis to a thorough revision. 

The reference tables have also been almost entirely re- 
written. in order to take advantage of the new data appearing 
in the recent literature and to present in fuller detail the 
information therein summarised, a certain amount of which 
has had to be experimentally (ktermined by the author. 

As a result of ^ this development, the g(^ referred to by 
Professor Collie in the Introduction is sensibly nearer, though 
still a lo^ way off. Progress in this direction must continue 
to remain chi^y a by-p^uct of organic chemical research. 
It may however fairly be claimed that for the ccmimoner 
types of organic emnpe^ds, such as tic fatty adds or the 
sim;^ primary aromatic amines, analytical i^tification is 
now far more firmly on a systematic basts than it was in 
1911. 

The authcNT has great pleasure in expressing his eratitude 
foi valuabfe criticism and suggestions nx»n Dr. 0. L Brady 
and Mr. F. P. Dunn. 

H. T. CLARKE. 

Rochester, New York 
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INTRODUCTION 


OitGAKic analysis, qualitative and quantitative, has of recent 
years acquired increasing impc^tance in the training of the 
chemist. And this with raison, for the examination of un- 
Icnown organic compounds has. perhaps, an e^'en greater 
educational than has that of inorganic substances. 

Tbe examination of inm’ganic ions too ofter» tends to degen- 
erate into a series of arbitrary tests.— memorised, and applied 
without much consideration of their theoretical bearing. In 
organic analysb conditions are too varying to permit of this ; 
no hard and fast rules can be laid down, and each observ'ed 
reaction and characteristic must be brought into lu^ if the 
definite constitution of tbe substance under examination is 
to be ascertained. 

At tl^ present time hardly any books exist which deal with 
the systematk testing of organic substances. There are many 
that describe the preparation of organic substances, give 
quantitative methods, and deal with special analysb of 
distinct classes of compounds. But the book that would 
enable the chembt to find out qualitatively the nature of the 
multitudinous carlxm derivatives met with in ordinary work 
in an organic laboratcny.— that book U wanted 

Every year sees the tkxnain of organic chembtry growing 
m a maimer hardly to be paralkkd in any other science : as 
a re^t, the number of new rabstam^es being dbcovmd makes 
it moeasmgly difikult to write a practkai hock that wiU 
dealwithev^ the more common of them. Anotl^ diAculty 
» that the methods emf^oyed mutt mmsarily be quite 

X 
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different tom those in use for testing in<M|[anic substances, 
((M* by far the majority of organic compounds contain the 
same eiemoits. (koups. not elements, are the chief things 
to be Itibked for, mdti^ and boiling pmts have to be deter- 
mined, and other phyiucal data also g^ve valuaMe informa- 
tion to the chemist as to the nature of the compound under 
examination. 

It is by no means easy to arrange a general plan for testing 
organic compounds so that one can say for certain what the 
particular cmnpound may be. But as organic chemistry b an 
eminently practical science, there ought to be good practical 
books d^ng with the subject,— books where the descriptkms 
are concise, where the treatment of the subject is systonatic 
and not merely an enumeration of special tests for special 
compounds, and where the student has to use his head as well 
as the information supplied by the text-book. Mr. Clarke has 
in this book recognised these requirements. 

The most important novelty, however, in the book is to 
be found in the Chapter ‘ Tables of Compounds.’ In this 
chapter Mr. Clarke has collected together the data that are 
wanted by the ordinary student after 1^ has determined as far 
as possibk the nature of the organic compound he is analysing : 
i.e. the nature of the radicles present, the elements present, 
its melting and boiling point, and possibly its molecttlar 
weight. Under ordinary amditions, after these data have 
been obtained, a lengthy hunt through a dktionary or manual 
of organic chemistry must be made to try to find what 
particular substance agrees with the bets dis^vered. In the 
* Tabks of Organic Coropmmds ’ a axnplete list is given of all 
the mom important compounds likely to be met with, together 
with tl^ properties, and thus much vahiabk time is gained 
through the possitnlity of making a direct comparison of the 
prrqi^tks under investigation. 

Mr. Clarke’s book covers a very constderabk amount of 
ground, woA gives praetkaUy aU that an average student 
shoidd ne^ It will be of great assistance to anyone testing 
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organic substances, and will help to pat qualitative organic 
chembtry on as systematic a as qui^Utive im^ganic 
chemlstty has hmi iox many years. 

J. NORMAN COLLIE. 

UmvtntTY CotUGt, Lonoow, 

Jwm, 1911. 



ORGANIC ANALYSIS 

CHAPTER I 

PRELIMINARY INVESTIGATION 
Purity 

In undertaking the analysis of an organic substance the first 
consideration is that of purity, for without the certainty of 
this, all experimental examination is likely to lead to unreliable 
results. 

When the substance is a liquid, the initial procedure is 
to heat a small quantity in a test-tube, in order to ascertain 
whether it will boil without decomposition.^ If this is found 
to be the case, the entire quantity is submitted to fractional 
distillation, the liquid being boiled in a suitable distilling flask 
provided with a long, water- jacketed side-arm (Fig. i). The 
temperature of the evolved vapour is continually observed, 
and the receiver b changed as soon as the temperature re- 
mains constant. A pure liquid should pass over within a 
ran^ of not more than two degrees. When no constant 
boiling-point b observable (a sure indication of the presence 
of more than one compound) the liquid must be systematically 
fractionated, preferably with the use of a dbtilling column, 
care being taken to carry out the dbtillaticm as slowly as pos- 
sible at all rimes. By such treatment the liquid will tend to 

* The tioUiiif-poiiit of a pure Uqaid can be estimated with a fair 
degree of accwacy merely by holdiiig a thermometer in the vapour of 
the liquid boilii^ in the teit-tabe. The readiiig is generally a few 
degrees too low. 

O.A. 


B 



2 


ORGANIC ANALYSIS 


accumulate in two or more fractions, the boUii^; ranges of 
which include the boiling-points of the pure components 
under atmospheric pressure. 

For temperatures materially above ioo° C. a stem<orrec- 
tion must he applied unless the entire thread of the ther- 
mometer is surrounded by the vapour. A formula for this 
purpose has been worked out, but as this involves a knowledge 
of the average temperature of the exposed portion of the 
thread (a value difficult to ascertain, depending upon the 



thermal conductivities of the mercury thread and the glass 
wall of the thermometer), it is advisable to calibrate the 
themometer by direct comparison with short-stem standard 
instruments. 

When the liquid appears to be in any degree decomposed 
at its boiling-point, f^tionation most be carried out under 
reduced pressure. A small trial sample should as before be 
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heated in a test-tube, but under the ' vacuum ' afforded by 
a filter-pump. Conditions being suitable, the entire quantity 
may be fractionated as before, except that the receiver now 
consists of a small distilling-flask attached to the filter-pump 
by means of pressure-tubing, a manometer being placed be- 
tween the receiver and the pump. In order to obviate 
' bumping ’ it is advisable to lead into the liquid a fine capillary 
tube admitting a very slow current of air, or to place in the 
liquid a few pieces of porous earthenware. All stoppers should 
be of indiarubber, and it is well to replace the usual form of 
distilling flask by one having a double neck, as recommended 
by Claisen (Fig. 2). 



In the case of solids, a little of the original substance is 
finely powdered, pressed out upon a porous plate or upon 
several thicknesses of hardened filter-paper, dried thoroughly 
in air at about 40'’ or in a desiccator, and submitted to melt- 
ing-point determination. A small quantity of the sample is 
forced into the open end of a thin-v^ed glass capillary tube 
M cm. long and sealed at one end ; it is then shaken down 
to the closed end by repeatedly dropping the capillary tube 
on to a hard surface through a vertical glass tube mm. in 
diameter and 40-60 cm. long. The fine tube is then attached 
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(either by moistening it with the liquid of the bath or by the 
use of a small indiarubber band) to a calibrated thermometer 
so that the enclosed sample is as near as possible to the middle 
of the thermometer bulb. The thermometer is now suspended 
in a bath of concentrated sulphuric acid or of ttaedicinal 
mineral oil, with the bulb a few millimetres below the surface. 
A wide test-tube forms a suitable vessel for the bath, which 
should consist of the acid for temperatures below about 150^ 
and of the oil for l^gher temperatures. The 
bath (Fig. 3) is heated steadily by a small 
flame, with continual stirring, and the tem- 
perature at which the sample melts is noted. 
A stem correction (see p. 2) must be applied 
for temperatures above 100®. It is advisable 
to repeat the determination, heating the bath 
rapidly to within some ten degrees of the melt- 
ing-point and thereafter in such a way that 
the temperature rises about two degrees per 
minute. In this way the range over which the 
substance melts, that is to say the tempera- 
ture interval through which softening begins 
and Anally a dear melt is formed, can be 
accurately observed. 

For solids of low melting-point it is often 
more convenient to record the setting-point : a 
sample of the substance, suf&dent in quantity 
to cover the bulb of the thermometer, is melted 
in a test-tube and then slowly cooled, stirring 
continually with the thermometer. The temperature at which 
crystals fimt appear and that at which the substance becomes 
too solid to stir constitute the setting range. For a relativdy 
pure compound this range extends over only one or two 
degrees, since the latent heat of solidification checks the fall 
in temperature ; a wide setting range, like a wide melting 
range in the capillary tube method, indicates the presence 
of impurity. 


HI 





Fig. 3, 
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An apparatus has been developed 
by Johnston and Lynn ^ for the estima- 
tion on the foregoing principle of the 
setting-point of any organic substance 
that melts without decomposition. 
The sample is melted in a narrow test- 
tube, and a thermometer is immersed 
in the liquid. When cold, the solidified 
sample, with test-tube and thermo- 
meter attached, is placed within an 
electrical heating coil which in turn is 
surrounded by a vacuum jacket (Fig. 
4). The coil must be placed in shunt 
with a variable resistance, which should 
be capable of giving 250 ohms for a 
d.c. supply at no volts. To determine 
the melting range, an electric current is 
supplied to the coil, such that the 
equilibrium .temperature (previously 
determined by calibration of the in- 
strument) lies 30-40° above the melt- 
ing-point of the substance. Tempera- 
ture readings are taken every minute 
and plotted against time. At the melt- 
ing temperature the readings become 
nearly constant over the time interval 
during which the sample (if it is nearly 
pure) melts. With impure samples the 
normal heating curve of the apparatus, 
for the selected setting of the resist- 
ance, undergoes a marked extension, 
but this is not horizontal. 



An even sharper break in con- Fig. 4. 


tinuity is obtained on plotting the 


cooling curve. To determine this, the sample is heated 


> Privait cornTnunicadon, 
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electrically to a point well above its melting temperature ; 
the resistance is set so that the equilibrium point lies about 
.40*^ below the solidification temperature^ and readings are 
made on the thermometer every minute. The temperature 
falls along the normal curve until the sample is slightly cooler 
than its setting point ; it then rises sharply (as crystallisation 
sets in) to the solidification temperature and remains almost 
constant during the change of state. When less than i per 
cent, of impurity is present, this portion of the cooling curve 
slopes over less than one d^ee. 

The melting-point as determined by the above apparatus 
coincides with the setting point ; it is as a rule slightly lower 
(though more accurate) than the melting point indicated by 
the capillary tube method. The use of the apparatus is, 
as above stated, applicable to the determination of melting 
point and purity of only those compounds that melt without 
the least decomposition. 

If the melting point as determined in the capillary tube 
is not sharp (i.e. the range extends over appreciably more 
than one degree), or if the extension in the cooling curve 
deviates considerably from the horizontal, the original sample 
must be recrystallis^ from some suitable solvent. Solvents 
may be tried in the following order : alcohol, water, ligroin, 
acetone, benzene, acetic acid, chloroform, ether. The 
recrystallisation is effected by maintaining a certain quantity 
of ^e solvent at its boiling-point in a conical fiask-~under 
reflux if the solvent is highly volatile— and gradually adding 
small quantities of the original substance until no more is 
taken up into solution. A small volume of the solvent is 
then added, the hot solution rapidly filtered through a 
fluted filter-paper on a funnel without a stem, and the filtrate 
allowed to cool, the vessel being occasionally scratched on 
the inside with a glass rod, io induce crystallisation. When 
cold, the solid which has separated is filtered off by suction, 
pressed upon a porous plate, diied in a vacuum desiccator, 
and the melting-point determined. This process must be 
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repeated until the melting-point is sharp and shows no change 
on further recrystallisation ; it may then be regarded as pure. 
If, however, the melting-point after one recrystallisation is 
identic^ with that of the original substance, no further 
purification is necessary. 

Should the substance appear to contain tarry or coloured 
impurities, it is advisable to add some decolorising carbon 
to the hot solution before filtering. 

It is well to ascertain whether a solid can be distilled or 
sublimed. Not only is the boiling-point of a substance solid 
at ordinary temperatures a valuable additional characteristic 
to be taken into consideration, but solids can often be obtained 
in a higher state of purity by distillation or sublimation than 
by crystallisation. The precaution should of course be taken 
of heating a small quantity, in order to make sure that it 
can be distilled without decomposition. When this is pos- 
sible, a distilling flask with a wide side-tube should be em- 
ployed, without a condenser, and any distillate solidifying at 
the outset melted by gently wanning the tube. This distil- 
lation of solids may often advantageously be carried out 
under reduced pressure ; in such a case a distilling flask with 
a wide (10-15 mm.) side-arm should be employed, in order 
to avoid stoppage by solidified distillate. 

General and Physical Characteristics 

It is of great importance to investigate the solubility 
of the substance in various solvents, for information as 
to the chemical nature of the compound can frequently 
be obtained from consideration of this characteristic property. 

Thus, in general, salts are more or less soluble in water, 
but insoluble in ether ; acids are often soluble in hot water, 
and sparingly so in cold water, while being as a rule soluble 
in alcohol or ether ; hydrocarbons are all insoluble in water, 
but soluble in* ether, and so on. As a general rule, compounds 
are dissolved by Uquids containing similar groups of atoms. 

The boiling- and mdting-points should always be kept in 
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mind, so as to exclude erroneous conclusions which might 
otherwise be deduced from considerations of other properties 
and reactions. 

Whether the substance is soluble in water or hot, its 
reaction towards litmus paper should be examined, since 
this at once affords a clue for the allotment of the compound 
into one of three great classes. It frequently happens that 
substances, such as certain acids, though but sparingly 
soluble in water, are sufficiently so to have an appreciable 
effect upon litmus paper. 

The odour of a substance may sometimes give an indi- 
cation of the class to which it belongs, though this is not 
to be relied upon with too great assurance, as the sense of 
smell varies greatly with individuals ; moreover, substances 
of different constitution may have similar odours. 

Similarly the colour of the substance affords an indication 
of the class to which the compound is likely or unlikely to 
belong, but at present so little is known about the relations 
of colour and constitution that no definite rules can be 
enunciated. Moreover, the removal of the last traces of 
coloured impurities from colourless substances is occasionally 
a matter of extreme difficulty, and unrecognised failure in 
this respect may lead to faulty conclusions. 

It is always advantageous, in the case of a liquid, to know 
its density, as definite generalisations can be drawn from this 
property, which also aids in the final identification of liquids. 
The details for procedure will be found on pages 344-346. 

Much information is afforded in doubtful cases by a 
knowledge of the approximate molecular weight, ba^ upon 
cryoscopic or ebuUioscopic determinations. The methods are 
describe on pages 333 and 337. Rapid quantitative determin- 
ations, such as the titration of known weights of organic acids 
with standard alkali, the volumetric estimation of ionisable 
halogen in salts, or the quantitative saponification of esters, are 
of great value, and should be carried out whenever possible* 

Many compounds occurring in nature, such as sugars, 
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giucosideSi alkaloids, terpenes and allied bodies, hydroxy- 
and amino-acids, exist in optically active forms. When the 
presence of such a substance is suspected, it is well to deter- 
mine the rotatory power according to the method given on 
page 347- 

Examination for Constituent Elements 

A small quantity of the substance should at first be heated 
upon a nickel spatula until completely ignited, in order to 
ascertain the presence of any non-volatile residue. Should 
a residue be found which appears to consist of a heavy 
metal or its oxide, it will be necessary to ignite another 
small portion in a porcelain crucible. Substances leaving 
a residue consisting of an alkali carbonate or an oxide of a 
metal of the calcium group may preferably be heated on a 
piece of platinum foil. All such residues must be subjected 
to a complete qualitative analysis. The nature of the flame 
formed, as well as the odour of the vapours evolved, should 
be observed and recorded. 

The next operation is to fuse a portion of the substance 
in a small glass tube with metallic sodium, heating com- 
pletely to dull redness after action has ceased. The hot 
tube should then be dropped into a test-tube half filled with 
pure water, caution being necessary in this operation, as the 
sodium present may cause an explosion imless the tube is 
entirely red-hot at the time of immersion in the water. 

The contents of the test-tube should thereupon be poured 
into a thoroughly clean mortar, finely groimd, and the mixture 
filtered. To a portion of the filtrate two drops of a freshly 
prepared solution of ferrous sulphate are added. Since the 
mixture is alkaline, on account of the decomposition of 
some of the water by the excess of sodium, a precipitate of 
ferrous hydroxide will appear. The mixture must then be 
boiled for about one minute, cooled, and a drop of ferric 
chloride added. If nitrogen was present in the original 
substance, it will have been converted by the action of the 
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sodium and carbon into sodium cyanidCi and by boiling the 
alkaline cyanide solution with ferrous hydroxide, sodium 
ferrocyanide will have been produced. Now if on addition 
of an excess of hydrochloric add a blue coloration or predpi* 
tate of ferric ferrocyanide is formed, it may be taken as 
proof that both carbon and nitrogen are present in the sub- 
stance:— 

FeSO^ + aNaCN = Fe{CN), + Na^SO* 

Fe(CN), + 4NaCN = Na4Fe(CN). 

SNaJFetCN). -f- 4 FeCl, = Fe4[Fe(CN) J, + wNaCl. 

^ouM the substance be very volatile, it may be found 
difficult to make the sodium react sufficiently with it. In 
such a case it is advisable to support the tube, which should 
be of hard glass, in a piece of asb^os board so that it hangs 
in a vertical position by the flange around the open end. 
The sodium is then to be heated by itself, and the substance 
dropped in small portions upon it, thus giving it a better 
opportunity to react. The sodium may with advantage be 
replaced by potassium. 

In the absence of carbon of course no cyanide is produced, 
although nitrogen may be present. In carrying out this test, 
only a faint greenish-blue coloration may occasionally be 
produced, which forms a blue precipitate on prolonged 
standing. In such a case it is advisable to repeat the test 
with great care, employing larger quantities. The presence 
of sulfffiur occasionally tends to obscure the cyanide test, 
owing to the reduction of ferric iron to the ferrous condition 
by the hydrogen sulfffiide liberated on the addition of add. 
In such cases black ferrous suljffiide is predpitated on the 
addition of the ferrous sulphate solution, and it will be well 
to make sure that enough of this reagent has been added, and 
to filter the solution after boiling, before adding the ferric 
chloride and hydrochloric add. 

To another portion of the filtrate a drop of sodium plumbite 
solutimi is added. A black predpitate or dark coloration 
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indicates the presence of a sulphide in the solution. Since 
all oiganic sulphur compounds yield sodium sul^^de by the 
reducing action of sodium at high temperatures, t^ extremely 
sensitive test may be taken as proof of the presence of 
sulphur in the substance. 

Should no sulphur or nitrogen be detected, a third portion 
of the filtrate should be rendered acid with nitric acid, and 
silver nitrate added. A precipitate of silver halide indicates 
the presence of halogen in the substance. When sulphur or 
nitrogen are present, this portion of the filtrate must, before 
adding the silver nitrate, be boiled with excess of dilute 
nitric acid for about five minutes in order to remove the 
hydrogen sulphide or cyanide from the solution. The silver 
halides may be identified or separated by the standard 
methods. The presence of halogen may be confirmed by 
heating a copper wire in an oxidising flame until the green 
colour is no longer perceptible. A minute portion of the 
substance is now placed on the wire, which is again held in 
the flame ; should halogen be present in the substance, the 
flame will again be coloured green, owing to the formation 
of volatile copper halide. This test is extremely sensitive, 
and care must be taken not to contaminate the wire with 
laboratory dust or the fingers after its initial heating. 

Phosphorus may be detected by either of the following 
methods : — (i) A small quantity of the substance is heated 
with a mix^e of concentrated sulphuric and nitric adds 
until a clear solution is obtained. On diluting with water, 
and filtering if necessary, the solution is boiled with an excess of 
ammonium nitrate, cooled, and ammonium molybdate solution 
added to the mixture. On gentle warming a y^ow predpitate 
of ammonium phosphomolybdate indicates the presence of 
phosphorus. (2) Small portions of the substance are carefully 
added to a fus^ mixture of equal parts of potassium carbonate 
and potassium nitrate in a nickel crudble, and the mixture 
heat^ until effervescence ceases. The cooled melt is dis- 
solved in excess of dilute nitric acid, and ammonium molyb- 
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date added to the warm solution as described under the first 
method. The second method^ being the more rapid, should 
always be employed unless the substance is very volatile. 

The presence of carbon and hydrogen may be proved in 
the following manner. A portion of the substance is intimately 
mixed with about four times its weight of absoluiely dry 
powdered copper oxide, and introduced into a long hard glass 
test-tube. Above this is placed a layer of pure copper oxide, 
and a delivery-tube attached to the mouth of the tube by 
means of a cork. The mixture is then heated so that the 



upper layer receives the greater part of the heat, the delivery- 
tube being introduced into a test-tube containing baryta 
water. The presence of carbon will then be indicated by a 
precipitate of barium carbonate from the baryta solution, 
while the formation of drops of moisture condensing on the 
cooler parts of the hard glass tube will show the presence 
of hydrogen in the compound (Fig 5). 

The presence of oxygen in an organic compound is not as 
a rule susceptible of direct proof by ordinary methods. Ad- 
vantage may, however, be taken in many instances of the 
property possessed by oxygen-containing substances of form- 
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ing brown solutions of iodine, in contrast to the violet solutions 
formed by hydrocarbons and their halogen derivatives. The 
procedure for this test is described on page 72. 

Approximate Constitution 

If the substance is soluble in water, ionised radicles must 
be at once tested for in the solution. When halogens, sulphur 
or phosphorus have been detected in the substance, the usual 
routine tests for inorganic acid radicles should be applied, in 
order to determine whether th^ elements exist wholly or in 
part as ionisable radicles. When nitrogen has been shown 
to be' present, the solution must be examined for a nitrate 
or a nitrite. The metals in water-soluble metallic salts will 
generally exist in the ionised condition. It is also well to test 
for the presence of the commoner organic acids, which may 
possibly be present in the form of salts of organic bases. The 
tests for such acids are given in detail in the appended tables. 

In all cases where the presence of ionised acid radicles has 
been shown, a cold solution of caustic soda must be added, in 
order to liberate the free base. This may then be filtered off, 
distilled out, or extracted with ether when a solid is not 
precipitated, and examined independently. The presence of 
a salt of anunonia or of a volatile amine, such as methylamine, 
will be indicated by the evolution of ammoniacal odours in 
the cold. Similarly, the acid should be liberated by the action 
of dilute sulphuric acid from substances ascertained to be 
salts of organic acids, and prepared in a pure state for examin- 
ation. 

It should be borne in mind when testing for ionised halogen 
that acid halides, on treatment with water, yield a mixture of 
the corresponding acid and halogen hydracid, and in such a 
case it will of course be futile to attempt to isolate any base. 
In many instances, however, an acid halide will be detected 
by the action of a drop of water on a small quantity of the 
substance, fumes of the hydracid being thereby liberated. 
CH.-COCl -f H ,0 « CH.COOH + HCl. 
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In addition, most a-chloro ethers evolve hydrochloric acid 
on treatment with water. 

The nature of the vapours evolved on strongly heating 
the substance, as well as the character of the flame formed 
on ignition, constitute fairly definite indications of the general 
r]a.« to which it belongs. Thus the odour of phenols, aromatic 
nitrocompounds and aldehydes, and amines, as well as the 
decomposition-products of carbohydrates and certain hy- 
droxy>acids, are all more or less characteristic ; while the rule 
that unsaturated substances and saturated compounds con- 
taining more than four or five atoms in the molecule bum 
with a smoky flame is generally applicable. 

The action of hot and cold concentrated sulphuric acid 
should be tried. Although it is difficult to draw up a com- 
plete table of inferences, it should be observed whether the 
substance dissolves and whether change of colour, charring, 
or effervescence is produced. The nature of any gases evolved 
should also be examined. 

The effect of heating in a tube with soda-lime and with 
zinc dust should also be observed, any well-defined distillate 
or sublimate being isolated and examined. 

Unsaturated linkages may be detected by the action of 
bromine water and of neutral permanganate solution. Un- 
saturated compounds decolorise these reagents, while in 
general saturated compounds do not. These reactions, how- 
ever, do not afford a very certain test, as most polyhydroxylic 
compounds, many aldehydes, certain acids and esters, most 
phenols and ketones, and several other types of compound 
are thus attacked. 

Unsaturated compounds in which an ethenoid linkage is 
conjugated with an aromatic nucleus may absorb bromine 
but slowly. Hence this test must not be considered to have 
failed until, after gentle warming, the mixture has stood for 
at least five minutes without appreciable diminution in the 
intensity of the colour of the bromine. Thus cinnamic acid 
scarcely decolorises bromine water until the solution is 
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wanned. Fhaiolic and certain other classes of compounds 
yield in general precipitates of bromo^rivatives when treated 
with bromine water. Such precipitates should be collected 
and purified for examination. 

A solution of bromine in carbon tetrachloride, chloroform, 
or glacial acetic acid is similarly decolorised by substances 
containing unsaturated linkages. In all cases such bromine 
addition products should be isolated for examination. Hydro- 
bromic acid is evolved on warming most aromatic compounds 
with bromine in carbon tetrachloride, owing to the facility 
with which the majority of substituted benzene derivatives 
are brominated. Bromine, in non-aqueous as in aqueous solu- 
tion, is absorbed by many phenolic, ketonic and by certain 
other types of compound. In carbon tetrachloride or chloro- 
form, however, evolution of hydrobromic acid will take place 
on warming, owing to its slight solubility in these non- 
hydroxylic solvents. Amines also al^rb bromine with 
formation of addition or substitution products, liberation 
of hydrobromic acid being, however, not necessarily a con- 
comitant. 

Unsaturated substances in general are also attacked by 
either fuming sulphuric acid or fuming nitric acid, in the 
latter case decomposition often taking place with violence. 

Many compounds containing a triple linkage form insoluble 
metallic derivatives when treated with an ammoniacal solution 
of silver nitrate or cuprous chloride, from which precipitate the 
free acetylenic compound can be regenerated by warming 
with very dilute mineral acid. Acetylenic copper and silver 
compounds are not formed by disubstituted acetylenes of the 
general formula R‘C.C-R, owing to the absence of a replaceable 
hydrogen atom. 

A rough tabular summary showing the effects produced 
by the foregoing tests on different classes of compound is 
given on the following pages. By its aid, some indication 
of the type of compound to be especially tested for, by the 
specific methods later enumerated, will be obtained. 
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CARBON and HYDROGEN detected 

I. Treat with cold and hot water^ and test solution or 

mixture with litmus. 

A. Soluble in the cold : 

(i) Strongly acid: Simple aliphatic carboxylic 

acids of low mol. wt. ; most aliphatic 
hydro3ty-acids ; most polyhydroxylic 
phenolic acids; a few simple esters of 
very low mol. wt. 

(ii) Faintly acid: Some simple phenols; most 

polyhydroxylic phenols. 

(iii) Neutral: Alcohols of low mol. wt. ; most 

polyhydroxylic alcohols; aldehydes and 
ketones of low mol. wt. ; sugars ; most 
glucosides. 

B. Sparingly soluble in the cold, more soluble on 
warming : 

(i) Strongly acid: Simple carboxylic acids of 

fairly high mol. wt. (including some 
aromatic acids) ; many aromatic hydroxy- 
acids and their acyl derivatives. 

(ii) Faintly acid : Most monohydroxylic phenols. 

(iii) Neutral: A few carbohydrates and gluco- 

sides ; simple quinones. 

C. Insoluble: 

(i) Strongly acid: Some acids of very high 

mol. wt. ; acid anhydrides (slowly decom- 
posed on warming with water). 

(ii) Faintly acid: Some phenols of high mol. 

wt. ; keto-enolic esters. 

(iii) Neutral: Hydrocarbons; simple ethers; 

alcohols, aldehydes, ketones, and quinones 
of very high mol. wt. ; almost aU esters ; 
a few fatty acids of very high mol. wt. 

II. Treat with NaHCO« solution all substances that show 

an acid reaction. 

A. CO, evolved : All carboxylic acids. 

B. No CO, evolved : Phenols ; keto-enolic esters, 

&c. 
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in. Treat with cold and hot concentrated NaOH solution. 

A. Substances which are insoluble or sparingly 

soluble in cold water : 

(i) Soluble in the cold: All carboxylic acids; 

all phenols ; keto-enolic esters and similar 
compounds. 

(ii) Gradually dissolve on warming: A few 

esters and lactones ; acid anhydrides. 

(iii) Insoluble: Hydrocarbons; ethers; alcohols and 

ketones of very high mol. wt. ; many esters 
(in general only very slowly decomposed). 

B. The following classes of compounds undergo pro- 

nounced decomposition on warming with aqueous 
alkali : Most acid anhydrides ; a few esters 
and lactones ; aldehydes ; sugars ; glucosides. 

IV. Treat with concentrated H^SOi. 

A. Cold. 

(i) Soluble: 

(а) without decomposition : Some aromatic 

hydrocarbons ; almost all ethers ; 
most alcohols; most phenols; some 
ketones ; simple carboxylic acids ; 
most aromatic hydroxy acids ; a few 
esters. 

(б) with decomposition : Almost all im- 

saturated compounds ; some aromatic 
hydrocarbons ; most aliphatic hy- 
droxy-acids; most esters; sugars 
(brownish colours) ; some glucosides 
(red or other pronounced colours). 

(ii) Insoluble: Saturated hydrocarbons; some 

aromatic hydrocarbons. 

B. Hot. 

(i) Gases evolved : 

(а) with charring: Aldehydes; ketones; 

acetals; carbohydrates; glucosides. 

(б) without charring: Simple alcohols of 

low mol. wt. (evolve gaseous un- 
saturated hydrocarbons) ; formic and 
oxalic acids and their derivatives 
( 5 deld CO). 

O.A. c 
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(ii) Pungent vapours evolved, without charring : 

Simple phenols ; certain simple car- 
boxyhc acids ; many esters. 

(iii) No gases evolved, with charring:. Most 

polyhydroxylic phenols; many aromatic 
hydroxy-acids and certain of their deriva- 
tives. 

(iv) Soluble unchanged : Some carboxylic acids ; 

some aromatic ketones of high mol. wt. 

V. Dissolve in water or alcohol and treat with one drop of 

FeCls solution. 

A. Reddish coloration or precipitate: Almost all 

simple carboxylic adds. 

B. Intense yellow coloration : Aliphatic o-hydroxy- 

acids. 

C. Green, blue, or violet colorations : Most phenols 

and phenolic compounds (some in alcoholic 
solution only) ; keto-enolic esters and similar 
compounds. 

VI. Treat with a solution of KMn04 in dilute H|SO|. 

Decolorisation by : 

{a) Almost all unsaturated compounds. 

(6) Certain easily oxidisable substances such as 
formic acid and malonic acid and their esters; 
many aldehydes; simple quinones; some ali- 
phatic hydroxy-acids ; many polyhydric alcohols 
and phenols ; certain sugars. 

VII. Treat with bromine water in the cold or warm. 

A. Decolorisation without formation of much acid : 

Almost all unsaturated compounds. 

B. Decolorisation with formation of much acid: 

Many aldehydes and ketones ; other compounds 
readily brominated, such as phenols and their 
derivatives. 

VIII. Treat with a solution of bromine in CCI4, CHCls, or 

CS,. 

A. Instant decolorisation in the cold, without evolu- 

tion of HBr : Almost all uiisaturated compounds. 

B. Decolorisation with evolution of HBr on warming ; 

Substances which are readily brominated, such 
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as many aldehydes and ketones ; most phenols 
and phenolic compounds ; certain unstable 
hydrocarbons (such as terpenes). 

.C. Rapid decolorisation only on warming, without 
evolution of HBr : Unsaturated compounds 
in which the unsaturated linkages are either 
conjugated with aromatic and similar residues 
or largely surrounded by substituents (e.g. (i) 
Cinnamic acid ; (ii) Tetrasubstituted ethylenes). 

IX. Ignite with dry sodadime. 

A. Hydrogen or hydrocarbons evolved : Simple 

aliphatic and aromatic carboxylic acids. 

B. Phenols evolved : Aromatic hydroxy-acids. 

C. Odour of ' burnt sugar ' : Most aliphatic hydroxy- 

acids; sugars; glucosides. 

X. Ignite with zinc dust. 

Hydrocarbons are produced from many phenols, quinones, 
and aromatic ketones of high mol. wt. This treatment may 
also result in the disruption of some carboxylic acids, with 
formation of hydrocarbons and other compounds. 

CARBON, HYDROGEN, and NITROGEN detected 

I. Treat with cold and hot water, and test solution or mixture 
with litmus, 

A. Soluble in the cold : 

(i) Acid or faintly acid : A few aromatic amino- 

acids; some aliphatic simple amides of 
low mol. wt. ; a few simple urethanes ; 
a few oximes of low mol. wt. ; some nitro- 
phenols; nitrates of weak organic bases. 

(ii) Neutral ; Aliphatic amino carboxylic acids ; 

a few aliphatic substituted amides ; some 
purines; a few aromatic nitroamines ; salts 
of organic acids with nitrogenous bases or 
ammonia ; nitrates of strong organic bases. 

(iii) Alkaline or faintly alkaline: Aliphatic 

primary, secondary, and tertiary amines 
of fairly low mol. ; guanidine and its 
alkyl derivatives ; some aromatic diamines. 

B. Sparingly soluble in the cold, more so on warming : 
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(i) Acid or faintly acid : Some simple amides ; 

some nitrophenols ; some nitro carboxylic- 
acids ; formanilide. 

(ii) Neutral : Some aliphatic and aromatic sub- 

stituted amides; a few purines; some 
aromatic nitroamines. 

(iii) Alkaline or faintly alkaline : Some aromatic 

diamines and aminophenols. 

C. Insoluble: 

(i) Acid or faintly acid : A few purines ; alkyl 

nitrates and nitrites. 

(ii) Neutral: Some aromatic amines of high 

mol. wt. ; simple and substituted amides 
of very high mol. wt. ; most alkaloids ; 
simple nitriles ; tsocyanides ; most oximes ; 
hydrazones ; most substituted urethanes ; 
nitro hydrocarbons ; nitro ethers ; nitroso, 
azoxy, azo, and hydrazo compounds. 

(iii) Alkaline or faintly alkaline : Most simple 

aromatic amines ; most substituted hydra- 
zines ; a few alkaloids. 

II. Treat substances insoluble or sparingly soluble in cold 

water with dilute acid and with dilute alkali. 

A. Soluble in dilute acid : All primary amines ; all 

aliphatic and most aromatic secondary and 
tertiary amines; many substituted hydrazines; 
some simple and substituted amides ; some 
oximes ; some purines ; most alkaloids. 

B. Soluble in dilute alkali : Many simple amides and 

imides ; a few primary substituted amides ; 
amino carboxylic acids ; nitro carboxylic acids ; 
oximes ; nitrophenols ; some purines. 

III. Treat with cold and hot concentrated alkali. 

A. Ammonia or ammoniacal vapours evolved in the 

cold: Ammonium salts of organic acids; salts 
of simple aliphatic amines. 

B. Ammonia or ammoniacal vapours evolved only 

on heating: Simple amides and imides ; urea and 
mono-sul»tituted ureas ; urethanes ; nitriles 
(slowly) ; acyl derivatives of simple aliphatic 
primary and secondary amines ; some aromatic 
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nitroamines ; most polynitro aromatic compounds ; 
guanidine and its alkyl derivatives. 

C. Separation of an insoluble compound in the cold : 
^Its of insoluble bases. 

’ D. Separation of an insoluble compound on heating; 
Acyl derivatives of insoluble primary and second- 
ary amines ; many substituted urethanes of 
high mol. wt. 

IV. Boil with Sn and concentrated HCl, then add alkali in 

excess. ^ 

A. Ammonia or ammoniacal vapours produced : 

Simple amides and imides; acyl derivatives of 
amines of low mol. wt. ; nitriles ; tsocyanates 
of aliphatic radicles of low mol. wt. ; isocyanides ; 
aliphatic oximes; ammonium salts. 

B. Liquid or solid bases produced : Nitro, nitroso, 

azoxy, azo, and hydrazo compounds ; acyl 
derivatives of amines of high mol. wt. ; nitriles, 
isocyanates, and isocyanides of high mol. wt. ; 
hydrazones. 

V. Heat with soda-lime. 

A. Ammonia or ammoniacal vapours produced: 

Simple amides and imides ; nitriles ; many 
alkaloids; purines; many substituted hydra- 
zines; many amino carboxylic acids of low 
mol. wt. ; simple urethanes ; many aromatic 
nitroamines. 

B. Liquid or solid bases produced : Acyl derivatives of 

primary and secondary amines ; amino carboxj^hc 
acids of high mol. wt. ; many hydrazine deriva- 
tives ; substituted urethanes of high mol. wt. 

CARBON, HYDROGEN, and SULPHUR detected 

I. Treat with cold and hot water, and test solution or mixture 
with litmus. 

A. Soluble in the cold : 

(i) Acid: Most sulphonic acids; a few thio- 

carboxylic acids ; some sulphinic acids. 

(ii) Neutral or faintly alkaline: Aliphatic sul- 

phoxides of low mol. wt. 
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B. Sparingly soluble in the cold, more soluble on 

warming : 

(i) Acid: Some sulphonic acids; many sul- 

phinic acids. 

(ii) Neutral : A few sulphones. 

C. Insoluble: 

(i) Acid or faintly acid: Some hydroxy-sul- 

phones; alkyl sulphates and esters of 
sulphonic acids (slowly decomposed). 

(ii) Neutral: Mercaptans; sulphides; disul- 

phides ; sulphoxides and sulphones of 
high mol. wt. ; aryl esters of sulphonic 
acids. 

II. Treat substances insoluble or sparingly soluble in cold 

water, with warm dilute alkali. 

A. Soluble without pronounced decomposition : All 

sulphonic acids ; sulphinic acids ; sulphur com- 
pounds containing carbox>d or phenolic hydroxyl 
groups; mercaptans. 

B. Soluble with pronounced decomposition: Alkyl 

sulphates and esters of sulphonic acids; thio- 
carboxylic acids and esters. 

III. Shake with water and HgCl^ solution. 

Precipitates formed with: Mercaptans, sulphides, 
and some disulphides. 

IV. Ignite with soda-lime. 

Phenols produced from most sulphonic acids ; hydro- 
carbons from sulphinic acids and a few sulphonic 
acids. 


CARBON, HYDROGEN, and HALOGEN detected 

L Treat with cold and hot water, and test solution or mixture 
with litmus. 

A. Soluble in the cold : 

(i) Acid or faintly acid: Aliphatic halogen- 

substituted carboxylic acids. 

(ii) Neutral: Halogen-substituted alcohols and 

aldehydes; some halogen - substituted 
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B. Sparingly soluble in the cold, more soluble on 

warming: 

(i) Strongly acid: Simple aromatic halogen- 

sutstituted carboxylic acids. 

(ii) Faintly acid : Simple halogen-substituted 

phenols. 

C. Insoluble-: 

(i) Faintly acid: Some halogen-substituted 

esters ; poly-halogen-substituted phenols. 

(ii) Neutral: Halogen-substituted hydrocarbons ; 

esters of halogen-substituted acids ; halo- 
gen-substituted ketones ; halogen-sub- 
stituted aromatic ethers. 

D. Decomposed with liberation of halogen hydracid : 

(i) f^pidly: Aliphatic carboxylic halides; 

jdiphatic a-halogen-substituted ethers. 

(ii) Slowly : Aromatic carboxylic halides. 

II. Boil under reflux with alcoholic AgNOs. 

A. Silver halide rapidly produced : Aliphatic iodo com- 

pounds ; carlx)xylic halides ; aliphatic a-halogen- 
substituted ethers. 

B. Silver halide slowly produced : Aliphatic a-halogen- 

substituted acids, esters, aldehydes, and ketones ; 
some unsaturated aliphatic and some aromatic 
a-halogen-substituted hydrocarbons (such as allyl 
bromide and benzyl chloride). 

C. Silver halide produced very dowly or not at all : 

Saturated aliphatic chloro- and bromo-substi- 
stuted compounds in general; most aromatic 
chloro, bromo, and iodo compounds in which 
halogen is attached to aromatic nucleus. 

III. Boil under reflux with alcoholic KOH. 

A, Potassium halide precipitated : Aliphatic chloro 

and bromo compounds; aromatic chloro and 
bromo compound in which halogen is not 
attadied to aromatic nucleus. 

B. No- precipitate of potassium halide : Iodo com- 

pounds (KI is soluble in alcohol) ; aryl halides 
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CARBON, HYDROGEN, NITROGEN, and SULPHUR 
detected 

I. Treat with cold and hot water, and test solution or mixture 

with litmus. 

A. Soluble in the cold : Thiocarbamide ; some nitro 

sulphonic acids; salts of thiocyanic acid. 

B. Sparingly soluble in the cold, more soluble on 

wanning: Many substituted thiocarbamides ; 
many amino sulphonic acids ; some nitro sul- 
phonic acids, some simple and substituted sul- 
phonamides. 

C. Insoluble: Alkyl thiocyanates; alkyl isothio- 

cyanates ; many aromatic amino sulphonic acids ; 
many simple and substituted sulphonamides. 

II. Treat with cold and hot NaOH solution. 

A. Cold, (i) Soluble : Simple and primary substituted 

sulphonamides ; carbosdphonimides, 
amino, nitro, azo, &c., sulphonic acids, 
(ii) Insoluble : Sulphonyl derivatives of 
secondary amines ; alkyl thiocyanates 
and Mothiocyanates. 

B. Hot. (i) Ammonia evolved : Thiocarbamide 

and monosubstituted thiocarbamides ; 
simple sulphonamides (very slowly), 
(ii) Bases produced: Substituted thiocarb- 
amides ; sulphonyl derivatives of 
primary and secondary amines (very 
slowly). 

III. Boil under reflux with concentrated HCl. 

Alkyl thiocyanates yield alkyl sulphides, CO„ and 
NH4CI. 

Alkyl isothiocyanates yield H,S, CO„ and primary 
amines. 

Sulphonamides yield sulphonic acids and NH4Q 
(slowly). 

Substituted sulphonamides yield primary or secondary 
amines and sulphonic acids. 

Thiocarbamide and sutetituted thiocarbamides yield 
H^ and guanidine or substituted guanithnes. 
Amino sulphonic acids form hydrochlorides unchanged. 
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IV. Boil with zinc dust and dilute HCl. 

Amino compounds produced from: Nitro and azo 
sulphonic acids; substituted thiocarbamides ; 
alkyl wothiocyanates (with evolution of HjS). 

METALLIC RESIDUE LEFT AFTER IGNITION 
Treat with dilute HCl 

Carbon and Hydrogen detected : 

Salts of carboxylic acids : Free acids liberated. 
Carbon, Hydrogen, and Nitrogen detected : 

Salts of nitro carboxylic acids : Free acids liberated. 
Salts of azo carboxylic acids : Free acids liberated. 
Salts of amino carboxylic acids: Soluble hydro- 
chlorides produced. 

Salts of nitrophenols : Free nitrophenols liberated. 
Metallic derivatives of imides of dicarboxylic acids: 
Free imides produced. 

Carbon, Hydrogen, and Halogen detected : 

Salts of halogen-substituted carboxylic acids: Free 
acids liberated. 

Carbon, Hydrogen, and Sulphur detected : 

Boil with solution of BaClj in strong HCl : 

(i) SO, evolved: Bisulphite compounds of 

aldehydes or ketones. 

(ii) BaSO, slowly produced: Salts of alkyl- 

sulphuric acids. 

(iii) ^0 BaSO, produced: Salts of sulphonic 

acids, or carbosulphonimides. 

Carbon, Hydrogen, Nitrogen, and Sulphur detected : 

Acidfy strongly with concentrated HCl : Precipitates 
of free acids produced from salts of many amino 
and azo sulphonic acids. 

Carbon, Hydrogen, Nitrogen, Sulphur and Halogen detected. 
Salts of halogen sulphonamides. 



CHAPTER II 

EXAMINATION FOR RADICLES 

This chapter is intended to serve as a guide for the detection 
of the various salient groups which may be present in the 
molecule. When one radicle has been found, it wiU, of 
course, still be necessary to search for others which may 
also exist in the compound under examination ; and since 
the great majority of organic compounds contain more than 
one characteristic group, the manner in which these different 
groups may affect the general properties of the substance 
must be the subject of careful consideration. 

When an element other than carbon and hydrogen has 
been detected, the first important point to be established 
is the form in which this dement exists. To take the case 
of a substance in which carbon, hydrogen, and nitrogen have 
been shown to exist, it must first be established whether it 
is a primary, secondary, or tertiary amine, anamide, a hydra- 
zine or hydroxylamine derivative, an azo, azoxy, nitroso, 
or nitro body, or other type of nitrogen compound. In 
short, the first problem is to determine the class of the body 
in reference to the most uncommon dement occurring therein, 
and hot until this point is settled will it be profitable to 
examine the substance with a view to ascertaining the 
constitution of the remaining portion of the molecule. 

For this reason the section dealing with substances in 
which only carbon and hydrogen have been detected has 
been reserved until the end of this chapter, so that after the 
' special dements ' have been allotted to their proper classes, 
the substance may be examined according to the guide given 
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for compounds in which carbon and hydrogen have been 
found, due allowances being made for the presence of the 
known ‘special* groups. 

When all the salient radicles have been definitely deter- 
mined, reference should be made to the appended tables 
for the list of compounds, tabulated according to their 
class, and arranged in the order of boiling- and melting- 
points ; the characteristic tests and properties of deriva- 
tives of each substance being, in so far as possible, 
enumerated. 

Most important points, not to be neglected in the examina- 
tion for radicles, are quantitative estimation of groups and 
preparation of derivatives. The importance of both these 
operations cannot be too strongly emphasised. Unfortun- 
ately the quantitative work frequently requires a com- 
paratively long time; but many simple estimations, such 
as the titration of an acid or the sdt of a base, or a volumetric 
estimation of ionised halogen, can be expeditiously carried 
out, and may contribute much to the certainty of an 
identification. In fact, owing to the absence of any definite 
system for the identification of organic compounds, after 
the establishment of the presence of the various characteristic 
groups in the substance the ultimate identification must 
occasionally depend upon such quantitative experiments 
The preparation of derivatives is even more important, and 
no excuse is valid for failure to prepare and examine at least 
one pure derivative. 

The preliminary tests described and tabulated in the 
previous chapter ^ould have led to some clue as to the 
nature of the group or groups present in the molecule, and 
the properties of ^e various types are therefore discussed 
without further reference to the general methods of distinc- 
tion. The equations given in the text refer to simple typical 
examples of the reactions under discussion. The page refer- 
ences refer to the tables of organic compounds given in 
Chapter IV. 
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Types of Radicle involving the detection of 
CARBON, HYDROGEN, and NITROGEN 

On treatment with cold aqueous alkali, ammonia is liberated 
from ammonium salts with formation of products which 
may more profitably be investigated independently, with 
a view to identification. 

Aldehyde ammonias (p. 209) also yield ammonia on gently 
warming with aqueous alkali. For preparation of the free 
aldehyde from an aldehyde-ammonia, however, decomposition 
by distillation with dilute sulphuric acid is advisable. Salts 
of organic acids may also be decomposed by means of dilute 
mineral acid, subsequently distilling the mixture when the 
acid is volatile with steam, filtering when it is insoluble or 
sparingly soluble in cold water, or extracting with ether. 
Acids which cannot be isolated by any of these methods 
must be examined in solution before proceeding with their 
isolation by some special method. 

By the action of hot aqueous alkali, ammonia is liberated 
comparatively rapidly from simple amides (p. 210) and 
slowly from most nitriles (pp. 231-233). 

CH3CONH, + NaOH = CHjCOONa + NH3 
C^Hj C : N -j- NaOH + H ,0 = C^HjCOONa + NH3 

These types of substance yield no ammonia by the action 
of alkali in the cold. In most cases it will be found expedient 
to carry out the hydrolysis by boiling under reflux with 
concentrated hydrochloric acid, 50 per cent, sulphuric acid 
or phosphoric acid, or, when possible, by heating with con- 
centrated sulphuric acid on the water-bath. 

CHj-CONH* + HCl + H ,0 = CH,-COOH + NH,C 1 
C,HjCiN + HCl + 2H3O = C,H3-C00H + NH4CI 

The acid formed should in every case be examined, after 
isolation by distillation with steam, filtration, or extraction 
with ether, according to the nature of the acid. 
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Phosphorus pentoxide reacts with amides, nitriles being 
produced on heating. 

CHj-CONHj = CH jC : N + HjO 
These can best be isolated by distilling the nitrile from the 
resulting mixture, or failing this, by addition of cold water 
and extraction with ether. 

Amides, on treatment with bromine and excess of strong 
alkali and subsequent distillation, yield primary amines 
containing one carbon atom less than the original amide. 

CHj-CONH, ► CHjCONHBr 

CH3-N:C0 CH3NH3+CO3 

The distillate should be allowed to pass at once into hydro- 
chloric acid, the resulting solution evaporated to dr^ess 
on the water-bath, and the hydrochloride of the amine 
extracted from the residue with hot absolute alcohol. In 
the case of urea (carbamide), nitrogen is evolved without 
the production of an amine. 

Amides may be converted into the corresponding anilides 
by heating with aniline, ammonia being evolved. 

CHjCO-NHj + CeHj-NHj = CHj-CO-NHCeHj + NH, 

Imides of dicarboxylic acids (p. 210 )present properties 
similar to those of simple amides, except that on treatment 
with alcoholic potash a precipitate of the potassium derivative 
is formed. 

-f H3O 


yCOv 

CeH4<^o/NH + KOH = 


On boiling with an alkaline solution of sodium hypobromite 
an amino acid is produced. 



C,H 


^OOH 

‘\:O.NHBr 


/COOH 

:.h/ 

\NHj 


Closely related to the amides are urea and its monosubstitu- 
tion products (pp. 210, 216), which behave as amides derived 
from carbonic acid. On acid hydrol5reis they yield carbon 
dioxide, an ammonium salt, and, in the case of substituted 
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ureas, a salt of an amine. On alkaline hydrolysis ammonia 
is evolved, a free amine is liberated, and all^ carbonate 
is formed. On heating with aromatic amines, di-substituted 
ureas are produced, with evolution of ammonia. Thus both 
urea and phenylurea on heating with aniline yield carbanilide 
and ammonia. 


CO(NHJ, + C,H,NH,=C,H,NHCONH, + NH, 
C,H,NH-C0-NH,+C,H,NH,=C,H.NHC0NH-C«Hj+NH8 

The same reactions may be brought about by warming the 
urea on the water-bath with a solution of aniline hydro- 
chloride; in the case of urea it is possible to isolate the 
mono- and di-substituted derivatives by taking advantage 
of the solubility of the latter in hot water. 

CO(NH^, 4- C,H 4 *NH, HC1 = C,H,-NH CO NH, + NH 4 CI 
C.H,-NH-CO-NH, + C.Hj-NH,HCl = 

C,H5NH>C0NHC,H5 + NH 4 CI 


Urea and its monosubstitution products may be readily 
distinguished from true carboxylic amides by their ability 
to form, in extremely dilute solution, insoluble condensation 
products with xanthydrol. 


CO(NH,), + 2H0CH<^ ^ : 


CO(NHCH< 


\c.h/ 


+ 2H,0 


C^Hj-NHCONH, + 2H0CH< 


\C.h/ 


C,H,-NH'CONHCH<; >0 + H.O 

\c,h/ 


This reaction, which serves to detect minute quantities of 
urea in very dilute solution, is carried out by adding i c.c. of 
a 5 per cent, solution of xanthydrol in methyl alcohol to 
a cold solution of 0*001 gram of the urea in 10 c.c. of 50 
per cent, acetic acid, when the condensation product separates 
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in quantitative yield in the form of colourless^ microcrystalline 
flocks. 

Urethanes, or alkyl carbamates (p. 222), behave in many 
ways like true amides. Thus on boiling with dilute alkali 
they yield ammonia, and on boiling with dilute acids they 
yield ammonium salts, a carbonate (or carbon dioxide) and 
an alcohol being produced. 

CjHsO-CO-NH, + 2 NaOH= C^*OH + Na,CO, + NH, 
CjHjOCONH, + HCl + HjO = C^,OH + CO, + NH^Cl 

On treatment with alcoholic potassium hydroxide, urethanes 
yield crystalline potassium cyanate, which may be identified 
by its reaction with aniline hydrochloride to form phenylurea 
(cf. p. 40). 

C^,OCO-NH, + KOH = C»«,OH + KOCN + H,0 
This reaction takes place slowly in the cold and rapidly on 
warming. On heating with aniline, urethanes yield the 
corresponding alcohol, ammonia, and carbanilide. 
C,H50C0NH,+2C,H,-NH,=C,H,0H+NH,+C0(NHU5H,), 

Ammonia is also liberated from guanidine and its simple 
derivatives on boiling with alkali. These differ from amides 
and ureas in being strong bases, which are commonly met 
with as salts of mineral acids. On boiling with barium 
hydroxide solution, guanidine yields urea and ammonia : 

NH,*C(:NH)-NH,+H,0-:NH,*COOT,+NH, 

The barium hydroxide has no action on the urea, which is 
hydrolysed further when sodium hydroxide is employed. 
On treatment with sodium hypobromite guanidine gives 
off two-thirds of its nitrogen in ^e elemental form. Guani- 
dine and its alkyl derivatives form sparingly soluble addition 
products with picric acid ; these crystallise well and possess 
characteristic melting-points. 

On boiling an alcoholic solution of a nitrile (p. 231) under 
reflux with a small amount of concentrated sulphuric acid, 
or on passing dry gaseous hydrochloric acid into a boiling 
alcoholic solution of a nitrile, the corresponding ethyl ester is 
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produced, a precipitate of anunonium salt bdng simultan- 
eously produced. 

C.Hj-CN + C,H,OH + H,0 + HCl = CeHj-COOCjHj + NH4a 
On reduction with tin or zinc and hydrochloric acid, or, 
better, by adding sodium to a boiling absolute alcoholic 
solution, primary amines are formed. 

GHjCN + 4H = CHs-CHjNH, 

On gently warming with an alkaline solution of hydrogen 
peroxide they yield the corresponding amides. 

2CeH4-aN + zHjOj = zCeHs-CONHj + 0, 

Amides are also formed on warming nitriles with 50 per 
cent, sulphuric acid; the corresponding carboxylic acids 
are produced if the hydrolysis is conducted at too high a 
temperature or for too long a time. 

Cyanohydrins (p. 232) of aldehydes and ketones present 
properties differing somewhat from those of the simple 
nitriles. On treatment with hot concentrated hydrochloric 
acid normal hydrolysis takes place, the corresponding hydroxy- 
acids being produced; but on treatment with alkaline 
reagents, hydrogen cyanide is eliminated with regeneration 
of the corresponding carbonyl compounds. 

(CH,),COHCiN+ 2H,0 + HCl = (CH,)jCOH-COOH + NH 4 CI 

(CH 3 )jC 0 HCiN + NaOH = CH 3 COCH, + NaCN + H,0 

In some cases cyanohydrins are so unstable as to be decom- 
posed merely on heating, with formation of hydrocyanic acid 
and aldehydes and ketones. 

If, on treatment with cold alkali, an amine is produced, 
the substance is probably a salt of an amine and an organic 
acid. The alkaline mixture should be extracted with ether 
to remove the amine, and the aqueous residue acidified 
and worked up for the acid by steam distillation, filtration, 
or extraction with ether, as described for ammonium salts. 

The majority of substituted amides (p. 216) yield the 
corresponding amines on treatment with hot aqueous or 
alcoholic alkali. As in the case of simple amides, hydrolysis 
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by means of acid reagents is more certain in its results, since 
a considerable number of substituted amides, especially in 
the aromatic series, are decomposed only with the greatest 
difficulty by boiling under reflux even with alcoholic potash. 
The amine and the acid may be isolated by steam distillation, 
ffitration, or extraction with ether, after rendering the 
mixture after hydrolysis alternately alkaline and acid, or 
vice versa, according to whether hydrolysis has been effected 
by acid or by alkaline reagents. 

CHaCONH-CjHj + KOH = CH^COOK + 
CHjCO-NH-CjHj + HCl = CH,-COOH + 

After isolation, both acid and amine should be examined 
independently. 

In the same way, substituted ureas are hydrolysed on 
prolonged boiling with mineral acids, the corresponding 
amines and carbon dioxide being formed. 

COlNHCjHj), + 2HCI + H,0 = CO, + 2C,H5-NH,HC1 
Substituted urethanes undergo an analogous reaction, 
C,H,-NH-COOC,H, + HGl + H,0 =« 

CeHj-NHj-HCl + CO, + C,H,OH 

as do also the substituted guanidines. 

(C,H5-NH),C:NH + 3HCI + 2H,0 =. 

2CeH,-NH,-HCl + NH*C1 + CO, 
(CeH6-NH),C:NCeH5 + 3HCI + 2H,0 = 

3C,H,-NH,-HC1 + CO, 

Oximes and Hydrazones (pp. 229, 236) are hydrolysed by 
boiling with concentrated hydrochloric acid or 30 per cent, 
sulphuric acid under reflux, 

C,H,CH;NOH + H,0 + HQ = C,H,-CHO + HO-NH,Cl 
(CH,),C:N-NH-C,H, + H,0 + HCl = 

CH,<X)CH, + Cl-NH,-NH-CeH, 

After hydrolysis, the aldehyde or ketone may be isolated 
by distillation with steam, filtration, or extraction with 
ether, and the acid solution examined for hydroxylamine 
or a hydrazine. Many substituted hydrazines, especially 
in the aromatic series, are precipitated as oils or solids on 
Q.A. D 



34 CARBON. HYDROGEN. AND NITROGEN 

the addition of alkali, hydroxylamine and unsubstituted 
hydrazine remaining, however, in aqueous solution. Hydr- 
oxylamine and hydrazines possess powerful reducing properties, 
which can be shown by testing with Fehling’s solution or 
ammoniacal silver nitrate. Oximes and hydrazones, on 
reduction with sodium amalgam in moist ethereal or absolute 
alcoholic solution, yield primary amines, which should be 
isolated and identihed. 

CeH,CH:NOH + 4H = C,H5-CH,-NHj + H ,0 
(CH,),C:N-NH C,H, -f 4H = (CH,),CH NH, + CeH^-NH, 

Oximes dissolve in dilute caustic alkalies, from which solution 
they may be liberated by saturating with carbon dioxide. 

On dehydration with phosphorus pentachloride aldoximes 
are converted into nitriles. 

C*H 5 ;CH:N 0 H + PCI5 - CeH. CN + POCl, + 2Ha 
while ketoximes are caused by this reagent to undergo Beck- 
mann’s rearrangement, substituted amides being produced 
on treating the reaction product with water. 

C.H,{C,H;)C:NOH CeH^ CO N QHr or C,H, CO-NH-C,H, 

This method serves for the distinction between isomeric 
ketoximes, different substituted amides being formed in the 
two cases. To distinguish between aldoximes and ketoximes 
the procedure is as follows : — ^An excess of phosphorus penta- 
chloride is added to a solution of the oxime in diy ligroin, the 
ligroin distilled off on the water-bath, and the residue treated 
with cold water. An aldoxime will give rise to a nitrile 
(probably an oil), while a ketoxime will produce a substituted 
amide (probably a solid). These substances should be ex- 
tracted with ether or filtered off, and purified for identification. 

Hydrazides, (p. 236) or acyl derivatives of hydrazines, 
undergo hydrolysis on boiling with concentrated hydrochloric 
acid or alcoholic potash under reflux, with formation of 
the corresponding acids and hydrazines. 

CH, CO NH NHC,H, + H,0 -}- HCl = - 

CH,COOH + C,H,-NH-NH,-C 1 
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pie resulting acids and hydrazines should be isolated in the 
banner indicated for amides and hydrazones. 

I /socyanides have all characteristic and unpleasant odours. 
i>n wanning with hydrochloric acid they are hydrolysed, 
Hth formation of the hydrochlorides of primary amines 
iuid formic add. 

^ C,H,N:C + 2H,0 + HQ = C,H,-NH,-a + HCOOH 
hocyanides are readily oxidised by mercuric oxide to the 
corresponding isocyanates, with production of metallic 
mercury. 

C,H5-N:C + HgO = C,H5‘N:C0 + Hg 
/socyanates (p. 234) possess pungent odours, the vapours 
irritating the mucous membranes. They are extremely 
;reactive, reacting with water to form symmetrical disub- 
stituted carbamides and carbon dioxide 

2C,H5-N : CO + H,0 = C,H,-NH-CO-NH-C,Hb + CO, ; 
with alcohols and phenols, giving rise to substituted carbamic 
esters (substituted urethanes) 

C,H5-N:C0 + CjHj-OH - C,H,-NH-C00C,H5 ; 
with ammonia and with primary or secondary amines, form- 
ing substituted carbamides 

CeH5-N:CO + CjHjNH, = CjHj-NH-CO-NH-C.H, ; 
and with carboxylic acids with production of substituted 
amides. 

C,H,-N:CO + CH,-COOH = C,H,-NH CO CH, -h CO, 

By the action of hot acid or alkaline hydrolytic reagents, 
primary amines are produced from is(x;yanates, owing to the 
initial formation of substituted carbamides or urethanes and 
subsequent hydrolysis of these with elimination of carbon 
dioxide. 

If the substance should fail to undergo hydrolysis on 
treatment with acid or alkaline reagents, yet enter into 
solution in aqueous mineral acids, tests must be applied 
to determine whether it belongs to the family of amines 
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191-^), These are almost without exce^^mi cmu- 
pcnmds possessixig pconounced basic pfopotks, ai^ aie 
frequentiy met with in the lonn ot a salt of an inoffanic 
add. In the free state th^ turn red litmus paper blue, or, 
idien too feebly basic to show this cokmr-chan^ diittadl^, 
th^ may be tested with Congo paper previously colour^ 
bliK 1 ^ very dilute hydrochloric add. Amines in which 
the nitro^ atcun is directly attached to one or more armnatic 
nuclei are as a rule far weato bases than aliphatic amines, 
and solutions of their salts give an add reaction with litmus, 
thou^ not (unless more than one aromatic radicle is attached 
to the nitro^ atom) with Omgo Red. Strong bases having 
a dissodation constant of 5 x lor* or greater are absorbed 
from dilute aqueous solutions of their salts by Permutite 
and similar exchange silicates ; whereas weaker bases, such 
as aromatic amines, are not so taken up. The bases may be 
liberated from the silicate by means of sodium hydroxide. 

Salts of aliphatic amines are tmudly neutral or only faintly 
add to litmus ; for the separation of the free bases a cmroen* 
trated sdution of the salt is saturated with solid potasdum 
hydroxide, since organk bases are only slightly solute in 
omcentrated alkali. Hydrochkurkks of most secondary and 
tertiary amines are sc^ble in chlorofcum, while nits of 
primary amines are insolul^. 

Antilles of aU classes form ^fini te compounds wi th pbo^)ho- 
tungstic add, with piatinic chloride, and with picric acki, 
the latter two types of compound constituting valuidile 
aids to identification. Platinkhlorides ait predpitoted on 
the additioo of {datink chkxrkk to sohitkiis of the base in 
l^diodilork add ; after recrystalUsation from akx^ thm 
indting-point and piatinum<ODtent should be detemdned 
(cf. p. 317). The pkrates are as a rule inscdubk hi water 
and sokdde in akohd ; th^ are oottvaden% 

prepared by mixing conccntiited akdidk K^ddos ol tin 
base and pkrk acid. Theh m^isig^ts art feom^r 
shmp and chaiactoistiCf 
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Primary alipliatic amines may be distinguished from 
ammcmia by placmg a drop of an aqueous solution of the base 
upon a test paper prepared by moistening filter paper with 
a saturated alcoholic solution of pure a^nlinitrochloro- 
benzene ; an intense yellow coloration is produced by the 
amines, but not by ammonia. Many secondary amines also 
give this test (in {»trticular dimethylamine, which responds 
as readily as methyiamine), but the hig^ members, such 
as diethylamine, produce the rolour more slowly and less 
intensely. Tertiary amines give only a faint reaction or 
none at all. With pyridine and aromatic amines the test 
fails entirely. This reaction may also be employed (by 
treating the base in alcoholic solution with dinitrochloro- 
benzene) for the preparation of characteristic derivatives. 

(NO*)/:,H,-a + 2CH**NH| - (NOg)dCJH,*NH-CH, + 

CH,*NH,HCL 

The same condensation may be applied to aromatic jHimary 
amines, which form, however, the 2.4-dinitrophenyl deriva* 
tives much more slowly than the aliphatic primary amines. 

In order to distinguish between |»iniary, secondary, and 
tertiary amines, the action of a soluti<m of sodium nitrite 
upon a well-cooled solution of the substance in dilute hydro- 
cUoric acid slmuld be tried. 

Should the mixture fail to show any signs of reaction 
otto than the possible evolution of a small amount of nitrous 
add, the substance under exanunation may very possibly be 
an aliphatic tertiary amine— whereby it is to be noted that 
this d^nition indudes compounds of the pyridine and 
i^uinohne series. Aromatic tertiary amines in which the 
l^o-podtion is occu^ued may lUuwise show no reaction 
lowards nitrous add, thou|^ in some instances (for exam|^, 
b-dimethylainiiK){toioI} oxidation may take place with 
iormation of col<mred products and evoluticm d gas. In 
iw^case^tlmlormatkm with an alkyl iodide of a quaternary 
pimicmhmi iodkfe udikh yidds no toti^ 
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^aeoos alkiU may be regaided as duignos^ 

bases. 

CJtt,N(CH + CH,I - C,H, N(CH|), I 

For the ide&tificaG<m of tmiiary amines-Hvhkh display bat 
few specific reactioiis-Hmalysis of the platiiiichlor^ or 
estiiiiatkm of ionisal^ halogen in a samj^ of a soitaUe 
mlt are of great value. In addition, pkiates may frequently 
be prepared, which possess definite and characteristic melting- 
points ; and as a gmeral rule tertiary fm contradistiiHrtion 
to primary and secondary) amines yiek ^jaringly soluble 
hydroferrocyanidcs on ad^g potassium ferrocyanide to 
their solutions in dilute hydrochloric acM. 

Quaternary ammonium hydroxides, which can be fmxiuced 
only hy the action of freshly jaecipitated silver oxide upon 
aqueotK solutions of quaternary ammonium haluks. are 
strong bases, which precipitate the hydroxides of heavy 
metab frmn solutions of th^ salts, liberate ammonium salts, 
and in general are bases as powerful as the hydroxides of 
the alkali metals. Many quaternary salts of quiimline and 
its derivatives, however, form exceptions to this rule, being 
converted into pseudo bases (genoally insoluble in water) 
by the action of even weak alkalies. 

A copious evolution of nitrogen on addition of the nitrite 
indicates the presence of an alipbatic primary amine. 

CHjNHjCI + NaNO, - CH.GH + N, + NaQ + H,0 
The resultant mixture should be rendered alkaline and <hs- 
tiOed, and the akdiol isolated by saturating the distillate 
with solid potassiam cvbonate. or examined in solutton 
wha conditions do not appear favoural^e to isolation. 

The formation of a diaso sohiticHi. whkh when added to 
an alkaline solution of /l-naj^thol yidds an intensdy colonred 
hydroxyazo compound, denotes the presence of an aroRUdic 
pdmity amiiie. 

C^-NHi-a+NaNOj+Ha - CJH^NgCI -f NaO + tUp 
C«H,*N,CI + C|tH.DNa(3} •C«H| N:N<^,H«<}H{n3)4-Nia 
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The hydroxyazo derivatives thus {H-epared are as a idle 
crystal compounds possessing cha^eristic melting points. 

In most cases no notable colour change occurs on adding 
sodium nitrite to the solution of the amine in dilute mineral 
acid, owing to the formation of a colourless diazonium com- 
pound. It is essential to surround the vessel with a freering 
mixture while diazotising, which should be performed by 
gradually adding small portions of the cold dilute nitrite 
solution with continual stirring. The diazo solution on 
warming loses nitrc^en with production of the corre^nding 
phenolic compound, in some cases together with a con- 
siderable amount of tarry matter. 

C^, N,OH « C,H,-OH + N| 

In order to isolate the phenol, the cold diazo solution is 
slowly added to a dilute solution of sulphuric acid boiling 
vigorously under reflux ; after all has be^ added, the mix- 
ture is heated for a few minutes longer, rendered slightly 
alkaline with caustic soda, and boiled vigorously irithout 
reflux, in order to expel any volatile impurities. The alka- 
line mixture is then render^ acid and distilled with steam, 
when the phenol will in all probal^ty pass over in the distillate. 
This is then extracted with ether, the ether evaporated, and 
the residue redistilled or recrystallised. In cases when the 
ph^lic substance is not found to be volatile with steam, the 
acid solution may be extracted with ether and the extract 
purified by distilhtion or recrystallisation. 

On adding the diazo solution to a solution of cuprous 
chloride in strong hydrochloric add and gradually raising 
the temperature on the water-bath, the amino group of the 
original substance may be replaced by a chlorine atom (Sand- 
meyer's reaetkm). 

C.H,»NgOH C.HjCl + N, 

The reliant mixture b distilled with steam and the chlorine 
compomul separated from the distillate and purified for 
e»uniimti<m. 
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Mmy anmiatk tmlnes are readily mKied by aftalme 
Ncadiing’powdCT or sodimn hypochkffite aolotfoUi with 
hxmatioii of ocdonrod oxidati<»i products. They m abo 
heqiie&tly bfominated with extreme ease the acthm of 
bromiiie water, preci]»tates of poly-broiiio derivatives beu^: 
formed. Such predfatates shook! be filtered off and jmrified 
fat ex a minat ion by recrystalhsation from alcohol. 

Quuracteristk of primary aromatic amines is their ability 
to f(»m disiibstitQted thiooreas by the action of caibon 
disiilphide. preleral^ in the presence of alkali. 

CjH. NH, + CS, - C^. NHCSSH 
aC^i-NHCSSH +2NaOH + {C^,NH)/:S -f Na^ +CS, + HgO 

This reactkm may be conveniently carried oot in the fdlow- 
ing manner, osing aniline as an examj^ : to a mixtore of 
1*85 c.c. (0^ moL) of aniline and 1*5 cx. (0*025 mol.) of 
carbon disulphide in a stoppered test-tobe is added, in s^l 
portions, 2 c.c. (0*028 mol.) of a 40 per cent, solution of sodium 
hydroxide, with continual shal^ and cooling. When the 
mixhire becennes too pasty to permit of efikient agitation 
(owing to the separation of crystals of thiocarbanilkk) 
2*5 C.C. of water is added, and the mixture shaken for a few 
minutes kxiger. The product is then filtered off, wadied wdl 
with water, and recrykallised firom alcohol. 

Aromatic primary amines may also be identified by 
of the corre^xmding monosubstituted ureas, which are 
pcecipitat^Ml in crystaUme fmm on adding a fieshly prepared 
i^neomi sohitioo it potasrium cyanate to a fairly omcentrated 
sedotioo of the hydrochkiride (ot other soluble salt) of the 
base. 

C«H| NHg Ha + KOCN - CgHg NHCO NH, -f NHgQ 
The same derivative is formed <m warming a solutkm of 
amine hydrochlofxie with an excess of urea, when the «Mrre- 
qmnding disobstituted urea is formed as a by-product 
(cf. p. 30). 

The presence of either aliphatic ot aromatic primary 
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amines may be confirmed by wanning a minute quantity with 
a mixture of alcoholic potash and chloroform, when the vOe 
and characteristic odour of an isocyanide will be perceptible. 

+ CHQ, + 3KOH - C,H, N:C + sKQ + 3H,0 
This test is so sensitive that it is given by some derivatives 
of primary amines, such as their acet}^ derivatives, from 
which the base is formed during the reaction. The resulting 
isocyanides are as a rule not very stable (they polymerise 
readily) and do not lend themselves to the identiikation of 
the primary amines from which they are formed. A specific 
reaction, which in many cases yields crystalline derivatives, 
is the condensation of primary amines with benzalddhyde, 
which on shaking with solutions of the base in dilute acetic 
acid causes the precipitation of the beiwal derivative. 

C^i-CHO + CjHg NH, C.H,*CH:NC,H, + H ,0 
The aliphatic benzalamines are generally stable oils u4uch 
may be distilled under atmospheric pressure without decom* 
position, those of the aromatic series being crystalline. 

For the identification of the simpler aromatic jHimary 
amines, advantage may be taken of the fact that their hydro- 
chlorides (which possess definite melting points) can be distilled 
under atmospheric pressure without decomposition; the 
boiling points, which are quite definite, differ enou^ to 
enal^e even isomers (such as the toluidines) to be distinguished 
in this way. 

The formation with nitrous acid of an insoluUe com- 
pound points to the presence of a secondary amine, eidier 
alii^tic or aromatic. 

C,H, NHCH, + HNO, - C,H, N(NO)-CH, + H ,0 
The resulting nitrosoamines are oils or low-melting solids, 
only sparingly soluUe in water or in dilute add. Th^ 
may b^ be isolated by ^[traction with ether. On warming 
a nitrosoamine with tin and hydrochloric add, the seomdaiy 
amine firmn whidi it was produced is regenerated. 

C,H,‘N{NO)*CH, + fiH - + NH, + 
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Aromatic nititMO-amines in which the ^tanc-podtkm is not 
occapied can be converted into the ^aro-nitroeo derivative 
of ti^ ordinal secondary amme. by the action of alrobolk 
car ^hoeal hydrochknk add. 

(VI,N(N0)<:H, ► N0-C,H4NH-CH.(i*4) 

The presence of a nitroso-amine dKmkl be confirm^ by 
liebatnann's test : on mixing with phenol and cmicaitrated 
sulphuric add. dilating with water, and i^tralismg with 
caustic soda, a bine colour is produced. 

The presence of primary or secondary amines slmuld 
always be established by benzoylaticm or acetylation. Ben- 
loyiatioii is effected by shaking the amine in a corked fiask 
with an excess of ben^l chloride and a consitoble excess 
of cold dilnte aqueous rodium hydroxide until tl^ odour of 
bensojd diloride is no kmger perce]^bte in the mixture 
(Sdiotten-Baumann process). 

C*H,‘NH. + C.H,COa + NaOH - 

C*H*NHCOC,Hj + NaQ + Hfi 
C^,COa 4- sNaOH - C,H|CCX)Na + NaQ + H,0 
It will be noted that the excess of the benzoyl chloride not 
utilised for the benzoylaticm is hytirolysed by the alkali, with 
formation of sodimn chloride and sodium benzoate. The 
resulting predpitate— if any— -is to be filtered off and recrystal- 
lised fr^ ak^bol. Shook! no predpitate af^xar on com- 
(^etkm of benzoylation. as may be tlm case on treatment of 
smne aliphatic primary and secondary amines, the mixture 
is to be extract^ with ether and the ethereal extract purified 
by recrystallnation or distillation. 

Acet^atkm of all types of primary and secondary amines 
may be effected by boiling with acetic anhydride. 

{CH,<X) )^ + C^. NH-CH, - 

C^,N(CHJ<X)-CH, + CH,<XX>H 

or in many cases (partkularly those of the simpler armna^ 
primary amiiMn) by boiling with acetic acid. 

CH,<X>OH + CJH. NHg « CH,<X)‘NHG^, + 

The most cooveniettt method of acet^tion omidsU in shak- 
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ing a suspension of the base in water, or a solution in dilute 
acetic add, with acetic anhydride in the cold, when the acetyl 
compound as a rule separates in neariy pure, crystaUine fmm. 
Acetyl dkloride may also be emjdoyed, particularly for the 
acetylation of feebly basic compounds, but its use is com- 
plicated by the simultaneous formation of hydrochlorides 
of the amines. 

It is of advantage to determine the percentage of the acyl 
group in the pure aat^ or benzoyl derivative by one of 
the metlmds described on pag« 3i7”3i9- 

The action of benzoiesuli^nyl chloride in the presence 
of aqueous alkali, as in the ^otten-Baumann process, 
towards primary and secondary amines is instructive in 
that it affords a distinction between the two classes of com- 
pound. Primary amines on treatment with this reagent 
yidd primary substituted benzenesulphonamides. 


C,H, SOp + CgH. NH, + NaOH - 

C,H,SO,NH-C,H, + NaQ + H,0 


These are soluble in alkali, the N-hydrogen atom being 
replaceable by an alkali metal. 

C,H, SO, NH-C,H, -f NaOH - C,H. SO, NNa-C,H, + H,0 


On shaking the resultant alkaline solution with ether, how- 
ever, the free sulphonamide passes into the ether, from vduch 
it can be isolat^. Sccomiary amines form secondary sub- 
stituted benzenesttlphonamid», which, having no replace- 
able hydrogen atom, are insoluble in alkali. 

C,H,SOp + C.H. NHCH, + NaOH - 

C«H,N(CHJSO,-C,H, + NaQ + H.0 


The ^bromobcnfraesulphonyl derivatives may be i»epa^ 
in tte same way, using ^-lm>niobakzene^phochloride. 
Many of these, howevo*, such as those of the toluidines and 
the na^^Uiylamines, diff^ from the corresponding unsub- 
stituted (krivarives in bring insoluUe in lo per cent, so^uro 
hydroxkk aolutitm. Characteristic ckrivatives can similarly 
be obtained by the use of fN^troboaaenesulphochkm^* 
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Tlie presence of primary and secondary amines may 
also be demonstrated by tbdr bdiavionr towards |toyl 
fsocyanate in dry bensene solntion, derivatives of 
area being produced. 

fC^i),NH + C^. NCO - C^| NHCO N(CgH 

Tertiary amines are not ad^ed by acetic anhydride or 
bdling acetic acid, and yield no benzoyl derivative 
adken subjected to the Schotten-Baumann process. This 
failure to react may be noted by iht absence of any rise in 
temperature on adding acetic anhydride to the pure base. 
Aromtic tertiary amines in whkh a]k>d groups are attached 
to the nitrogen atom nev^thdess react when mixed alone 
with benzoyl chloride, a benzoyl group taking the place of 
an alk)d radicle, with simultaneous formation of a quaternary 
ammonium salt. 

2C^, N(CH|), + c,H,coa - 

C^,CON(CH,)<:*H, + C,H^N(CH»),C1 

Such a mixture, idien heated above i8o®, loses alkyl chloride ; 
so that if enou^ benzoyl chloride has been employed, all 
of the tertiary amine is ultimately coverted into the benzoyl 
derivative of the oone^Kmding secondary amine. 

C^,COa + C^,N(CHJ, - CJ«,CON(CHJG,H, + CH,a 

Many aromatk tertiary amines, on treatment with nitrous 
add, ykid the corre q x m ding piiw-mtroso derivatives when 
the psr»>positioo is not already occupied. 

C,H,‘N(CH J, + HNOg - NaC^,N(CHJ^i-4) + H,0 

The hydrochknides of these substances are usually of a 
yellow cxdour and sohil^ in water, thou^ insoloUe in strong 
hy^hochlOTic add ; alkali liberates the free bases as greenish 
sdids, aduch on reduction with zinc dmt and ac^ ykld the 
oorre^kondtng derivatives of the ^s-dlamines. 
{CHJ^C^,.NO(i* 4) + 4H - (CHJ*NCgH4NH,(l-4) + 

On pas^ l^rdrogm sulphide into a lolorion of such a diamine 
doivative in dihite l^dfodiloric add, and then oxidyng the 
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fnixtore by the addition 6 i a few drops of ferric chloride 
solution, a deep blue or violet coloration will be produced, 
owing to the formation of a thionine dye of the methylene 
blue type. 



On boiling these ^a-nitroso compounds with alcoholic 
potash the corresponding secondary amines and ^a-nitroso- 
l^enols are produced. 

KOH 

(CHJ,NC,H4 NO(i- 4) ►{CH.l.NH + HOO^H^ NOCi : 4) 

In aliphatic amino (p. 223) the functional char* 
acteristics of the amino group, while present, are to some 
extent masked by the association of the carboxyl radide. 
Thus the free compounds are practically neutral to litmus, 
and the simpler members possess a sweet taste. Acyl groups 
may be introduced by treatment with acetic anhydride 
or with benzoyl chloride in presoice of sodium carbonate 
(or, less satisfactorily, sodium hydroxide) solution, with the 
formation of strongly acidic products. Similariy, addition 
products with aromatic isocyanates can be prejM^ which 
serve for the identi&ration of the amino adds. The latter 
reaction is most conveniently carried out with o-na{^thyl 
isocyanate : a solutimi of 0*5 gram of the amino add in 30 
c.c. of water together with 5 c.c. of normal potassium 
hydroxide is shaken for 2 to 3 minutes with 1*0 gram of the 
isocyanate ; the mixture is allowed to stand for 30 to 45 
minutes, filtered from the insoloble dinaphthylurea (whkh 
results frmn the aetkm of water on the excess of the leag^t), 
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and acidified, when the resulting a>naphthylhydantoic add 
is {»ecipitated. 

Ci^j NKX) + NH.-CH,<X)OH + KOH - 

C|^,NH-CONH*CH,<XX)K + H,0 

The product is recrystallised from alcohol. The melting- 
points of these derivatives are sharp and fairly characteristic. 
Amino adds may also be identified by the hydantoic adds 
formed by boiling them with 2 to 3 times their weight of 
urea in dilute barium hydroxide solution. 

2C0(NHJ, + (NHj-CHj-COO)^ - 

(NH,-CO NH-CH,*COO),Ba -f 2 NH, 

Boiling is continued until evolution of ammonia ceases (6 to 10 
hours), when the excess of barium is predpitated by passing 
in carbon dioxide, and the filtrate concentrated and acidified 
with acetic acid. The resulting hydantoic adds vary in their 
solubility in cold water from 3 per cent, down to 0*06 per 
cent. In the above derivatives, as well as the benzenesul- 
phonyl and ^naphthalenesulphonyl derivatives, which are 
also valuable for identification purposes, the basic function 
of the amino group is neutralised ; the same effect is brought 
about by the addition of excess of formaldehyde to amino 
adds in aqueous solution, whereby addic methylene deriva- 
tives are formed which may be titrated with standard alkali. 
This last reaction furnishes a convenient procedure for 
estimating the equivalent weight of the amino add under 
examination. 

If the substance is hydrolysed by the action of alkaline 
reagents, yet yields no basic product, it may possibly be an 
ester of nitric acid or of nitrous add. 

Alkyl nitrates (p. 257), on hydrolysis with aqueous potash 
under r^ux, yield potassium nitrate and the corresponding 
akofaol. 

C,H,-O NO, + KOH - C,H,*OH + KO NO| 

This normal hydrolysis is nevertheless always accompanied 
to a greater or less degree by an abnormal reaction, wtoeby 
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ie alkyl group is partially oxidised at the expense of the 
itrate, potassium nitrite being produced. Alkyl nitrates are 
educed on treatment with tin and hydrochloric acid, with 
jrmatibn of hydroxylamine. 

C^.-ONO, + 6H = C,H,-OH + NH,OH + H,0 
are must be exercised when purifying by distillation or 
ietermining the boiling-point of an all^l nitrate, as these 
sters are liable to undergo explosive decomposition on 
apid heating, this property being forcibly exemplified in 
he case of nitroglycerol (glyceryl trinitrate) and nitro- 
dlulose. 

Alkyl nitrites (p. 257), on hydrolysis with alkaline reagents, 
field the corresponding alcohols and a metallic nitrite. 

CjHnONO + KOH = C,HiiOH + KONO 
fhey are readily reduced, even by hydrogen sulphide, yielding 
Ihe corresponding alcohol and ammonia, 

^ C,Hii O NO + 3H,S * CjHii-OH + NH, + H,0 + 3S 
ihe same effect being also produced by more powerful re- 
iucing agents. On treatment of one molecular proportion 
)f aniline dissolved in absolute alcohol in presence of one- 
uid-one-quarter molecular proportions of sulphuric acid 
with a slight excess of an alkyl nitrite, diazpbenzene 
hydroxide is produced. 

+ C,HiiONO = C,H,-N*OH + C,H„-OH 
By the action of sodium ethoxide or gaseous hydrochloric 
acid, they can be caused to react with ketones containing 
a methylene group adjacent to the carbonyl group, with 
formation of an wonitroso derivative. 

CH, CO CH,-CH, + CjHii O NO « 

CH,COC(:NOH)-CH, + C.HnOH 

Care should be taken not to inhale the vapours of alkyl 
nitrites, since they distend the blood-vessels and thus stimu- 
late the action of the heart. 

When the substance is insoluble in aqueous mineral 
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adds, and remains unaffected by the action of hydro^c 
reagents, the behaviour towards reducing agents ^uld 
be investigated. It is to be borne in mind that certain 
aromatic amines in which a large number of aromatic or 
unsaturated groups are attached to the nitrogen atom are 
so weakened in basidty by the aggregation of unsaturated 
groups that they possess no salt-forming properties, and 
are therefore insoluble in hydrochloric add. Examj^ 
of this type of compound are triphenylamine and i^ienyl- 
pyrrole. Certain other amines, such as dij^enylamine, 
benzidine and the naphthylamines, are readily soluble only 
in hydrochloric acid, the concentration of which lies within 
definite limits, since the hydrochlorides of such bases are 
liable to be salted out when the add is too concentrated, and 
hydrolysed when it is too dilute. 

Suitable reducing agents, arranged in the order of their 
efficacy, are the following : sodium hydrosuljffiite in weak 
alkaline solution, tin with hydrochloric add, zinc with hydro- 
chloric add, stannous chloride with hydrochloric add. zinc 
dust with acetic add. Alcoholic ammonium sulphide and 
dnc dust with alkali or with aqueous ammonia and ammonium 
chloride also behave as reducing agents, but their effect is 
frequenUy anomalous, allowing occasionally of the forma- 
tion of intermediate reduction products. The use of sodium 
hydrosulphite is especially to be recommended, since the 
only non-vola^ by-products produced on addifying the 
resdting solution with hydrochloric add are sulphur and 
^um chloride. When the compound to be nd\Ktd is 
i^luble in water, the reaction may be carried out in aqueous 
alcohol. ^ 


Aro^ hydraio compounds (p. 236), though bdmuinK 
toe class of suhftfitiifMt 



i 2 uyorazmes, omer irom the makmty 

of the membeis of this latter class in that they are in«iHhu 
in aqMous adds. Their most interesting property is that 
of undergoing intramolecular rearrangements when treaied 
with concentrated mineral adds. Thus. hydrasobeoMW, 
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(m wamung with strong hydrochloric add» is converted into 
benridine (benzidine transformation). 

► (4) NH,C.H4-C*H4 NH,(4) 

The products obtained by this reaction may readily be 
isolated by addition of alkali to the mixture. Hydrazo 
compounds readily yield the corresponding amino compounds 
on treatment with sodium hydrosulphite, while with powerful 
add reducing agents— 5uch as tin or stannous chloride with 
hydrochloric acid— the reduction to the amine takes place 
more rapidly than the intramolecular rearrangement. 

C^H.-NH-NH-CiHj + 2H « 2C4H4NH, 

Hydrazo compounds are oxidised on standing in moist air 
or in alcoholic solution, but more readily by the action of 
oxidising agents such as alkaline solutions of potassium 
permanganate, ferricyanide, or hypobromite, to the corre- 
sponding azo compound. 

C*H| NH NH-C.H4 + 0 « C.H| N:NC4H4 + H*0 
They may be acylated in the same manner as primary and 
secondary amines, with formation of mono- and di-acyl 
derivatives. 

Aromatic azo compounds (p. 251) arc generally deeply 
coloured. They are extremely stable, and can be brominated, 
nitrated, or sulphonated, without fundamental change in 
the molecule. They are not attacked on warming with 
sulj^uric acid nor on heating with iron filings. They may 
be reduced to hydrazo compounds by the action of zinc 
dust in i^budal acetic add 

+ aH - NH‘NH-C.Hj, 

while more powerful reducing agents, aich as sodium hydro- 
sulphite, or tin in hydrochloric add, cause comi^cte reduc- 
tion wi^ disruptkm 0! the nitrogen atoms. 

+ 4H - C4H4NH, + HOC4H4NH. 

Annwlk umf conpwndi (p. >53) >» 

intcDsdy adoured than the cotreqjooding uo oompoonds. 

They may be radooed to uo componnds by the a^on of 

OJk, ■ 



50 CARBON, HYDROGEN, AND NITROGEN 

alkaline reducing agents— which do not favour the benzidine 
transformation nor lead to the more completely reduced 
derivatives— such as zinc dust in aqueous or al(X)hollc alkali, 
or stannous chloride in alkaline solution. 

C,H, NO:N-C,H, + 2 H « C.H» N:N-C«H| + H,0 

The same change can be effected, in the cases of the lower 
and more volatile members, by distillation with iron filings. 
By the action of zinc dust in glacial acetic acid or of 
ammonium sulphide they yield the corresponding hydrazo 
compounds 

C^* NO:N-C,H, + 4 H - C,H, NH NH-C,H, + H,0, 

while with tin in hydrochloric acid they are completely 
reduced to primary amines. 

C«H, NO:N -C.Hi + 6 H = 2 C,H* NH, + H,0 

On wanning with concentrated sulphuric acid they are 
transformed into the isomeric hydroxyazo compounds. 

C,H,NO:N-C,H, ► C,Hj-N:NC,H 4 <)H( 4 ) 

Nitroso compounds (pp. 249-251) in which the nitroso group 
is directly attached to carbon possess green colours in solution 
or in the fused state, though in the solid state they may 
exist in the colourless dimolecular form. They may be 
reduced by acid-reducing agents to the corresponding amines. 
C.H. NO -f 4 H « + H,0, 

md may be condensed with aromatic inlmary amines, yield- 
ing azo compounds. 

« C,H, N:NC,n, -f H,0 

Oxidation with alkaline hydrogen peroxide, nitric add, or 
sometimes potassium permanganate converts them into nitro 
compounds. 

Many aromatic nitroso compounds containing one or 
more hydroxyl groups behave in some reactions as quinone- 
monoximes, wth which they are in fact identical. The 
^nitroso derivatives of aromatic secondary and tertimy 
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amines have already been discussed in the section dealing 
with aromatic tertiary amines. 

Aliphatic nitro compounds (p. 237), the majority of which 
are colourless liquids, on reduction yield aliphatic primary 
amines. 

CHj NO, + 6H « CH, NHg + 2H,0 
When treated in alcoholic solution with sodium ethylate they 
give precipitates of the sodium derivatives. 

CH,NO, + NaO-C,H, = CH,:NO<)Na + C,H,OH 
These precipitates should be carefully handled, since on 
coming into contact with a trace of water they are liable to 
decompose with explosive violence. They may, however, 
be dissolved by successively adding small quantities to cold 
water with continual stirring, such solutions yielding highly 
explosive precipitates with solutions of salts of heavy metals. 
Metallic derivatives are not produced from tertiary nitro- 
paraffins, in which no labile hydrogen atom is present. 

Aroiiuitic nitro compounds (pp. 238-249), like alij^tic 
nitro compounds, yield primary amines on treatment with 
acid-reducing agents. % the action of alkaline reducing 
agents the reduction may be carried to various intermediate 
stages. On boiling under reflux with alcoholic sodium 
ethoxide or methoxide, azoxy compounds are produced. 

4C,H, N0, + 3CH,-ONa « 

2C,H»N0:N-C,H, + aH-COONa + 3H,0 
Azo compounds are formed on treatment with zinc dust in 
aqueous or alcoholic alkali, with sodium amalgam in alcohol, 
or with stannous chloride in sodium hydroxide solution. 

2C,H, N0, + 8H - -j- 4H,0 

Many aromatic nitro compounds, especially those contain- 
ing more than one nitro group, on boiling with concentrated 
so^um hydroxide solution, undergo profound decomposition 
with evolution of ammonia. 

The majority of simple aromatic lutro compounds are 
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either colourless or faintly yellow, but on introducing certain 
substituents into the molecule, such as hydroxyl or amino 
groups, a distinct colour is sometimes acquired. Thus all 
the nitroanilines possess brilliant yellow colours; while in 
the case of the nitrophenob, some are colourless and some 
distinctly yellow, but all form intensely coloured solutions 
in alkali. Thus ^nitrophenol is colourless, and forms a 
yellow sodium salt ; o-nitrophenol is pale yellow, and forms 
a red sodium salt ; while picric acid, which has a lemon 
yellow colour, yields an intensely yellow solution in alkali 
but colourless solutions in Ugroin and in mineral acids. 
Nitrophenols also differ from simple phenols in that they are 
far more strongly acidic and are acylated with greater diffi- 
culty ; this latter observation is applicable to aromatic nitro- 
amines in contrast to other aromatic amino compounds. 

The quantitative estimation of the nitro group is often 
of value in deciding doubtful cases. This can be done by 
warming an alcoholic solution of the nitro compound with 
a known excess of a standard solution of stannous chloride 
in dilute hydrochloric acid in an atmosphere of carbon dioxide 
for two hours on the water-bath ; the excess of stannous 
chloride is then determined by titrating the cooled solution 
with standard iodine. 

As many dyes {pp. 285-289) contain nitrogen in the form 
of amino, azo, or nitro groups, these will naturally fall into 
their appropriate sections, though their analysis is com- 
plicated by the fact that the majority contain suljffionic 
add groups. A tabular dassffication of dyestufb from an 
analytical standpoint will, however, be found at the condusion 
of the series of tables of organic compounds. 

Finally, mention is here made of the three ill-defined 
classes of naturally occurring nitrogenous compounds : the 
purines (p. 228), the proteins and the alkaloids (pp. 27^85). 
The purines all respond to the murexide test : on e^porating 
a small quantity of the substance in a porcelain barin on the 
wator-bath with chlorine water or nitric add, and then adding 
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a drop of ammonia or soda solution to the residue after 
cooling, a purple colour is produced. 

Proteins, which frequently contain suli^ur and phos- 
phorus in addition to carbon, hydrogoi, and nitrogen, on 
hydrolysis by boiling with concentrated hydrochloric acid 
yield a mixture of amino acids, the majority of which are 
optically active. On rendering a small portion of the mixture 
after hydrolysis alkaline with soda and adding a drop of a 
dilute solution of copper sulphate, a pink coloration is 
produced (biuret reaction). Solutions of the proteins them- 
selves also give the biuret reaction. Proteins may be dis- 
tinguished and separated by means of their different 
solubilities in acid or alkali or ammonium sulphate solutions 
of varying concentrations. They are all insoluble in alcohol, 
but soluble to a greater or less extent in pure water. On 
addition of Millon’s reagent (mercurous nitrate in dilute 
nitric acid) to an aqueous solution of a protein, a precipitate 
is formed which turns red on heating. Proteins also give 
the Adamkiewia reaction: on adding a small quantity 
of a solution of glyoxylic acid (which may be prepared by 
treating a solution of oxalic acid with sodium amalgam) 
and then pouring concentrated sulphuric acid under the 
surface, a violet ring is formed. 

Alkaloids differ considerably among themselves in chemical 
constitution and behaviour, but solutions in dilute mineral 
acid of the salts of almost all yield sparingly soluble 
precipitates with the following reagents : gallic acid, 
potassium mercuri-iodide, a solution of iodine in aqueous 
potassium iodide, and a solution of Insmuth tri-iodide in 
aqueous potassium iodide. Picric acid also yields precipi- 
tates with many such solutions, while solutions of j^iospho- 
molybdic acid and i^osphotungstic acid yield precipitates 
of double compounds with add solutions of all nitro^ous 
substances in vdiich the nitrogen exists in the amino form. 
Tables cksrif3dng the commoner purines and alkaloids will 
be found at the condudon of the tabular lists of con^unds. 
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Types of Radide inTolmg the detection of 
CARBON, HYDROGEN, and SULPHUR 

If the substance shows an acid reaction to litmus after 
wanning with water, it may be a sulphonic acid, a sulphinic 
acid, a thiocarboxylic acid, an alkyl sulphate or sulphite, 
or an alkyl ester of a sulphonic acid. It is to be noted, how- 
ever, that this evidence must not be relied upon with too 
much assurance, as carboxyl or phenolic hydroxyl groups 
may be present in the molecule. 

When a metallic residue has also been detected in a sulphur- 
containing substance which gives an acid reaction on boiling 
with water, it may possibly be a bisulphite compound of 
an aldehyde or a ketone, or a salt of an alkyl-sulphuric 
acid. 

Bisulphite compounds of aldehydes or ketones, on heating 
alone, yield water, sulphur dioxide, a metallic sulphite, and 
the free aldehyde or ketone. 

2(CH^,C(OH)«SO,<)Na = 

2CH,C0CH, + Na,SO, + SO, + H,0 

On warming with dilute aqueous acids or sodium carbonate 
they yield the free carbonyl compound, together with sul- 
phurous acid or a sulphite. For the purpose of isolating 
the aldehyde or ketone it is advisable to add dilute sodium 
carbonate and to distil with or without injection of steam, 
or, after warming, to extract with ether, as may appear 
most convenient from the volatility or solubility of the 
desired compound. 

^ts of alkyl-sulphuric acids are slowly decomposed on 
boiling with dilute hydrochloric add, yielding a sulphate and 
the corresponding alcohol. 

CgHjOSOjOK + H,0 - C,H,-OH + HO SO.-OK 

They are mild alkylating agents, reacting with alii^iatic 
pnmat 5 a and secondary amines on long boiling in aqueous 
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solution, with fonnation of Sulphates of secondary or tertiaiy 
amines. 

2C,H, NH, + C,H|0-S0^K « 

+ KjSO* 

They react readily on boiling with aqueous sodium sulphide 
to form the corresponding alkyl sulphides, together (especially 
in the cases of the higher alkyl derivatives) with some 
mercaptan. 

2C,H,0 S0,0K + Na^ =. + Na,S04 + K^SOi 

2 C 4 H ,0 S0,0K + 2 Na,S + 2 H 4 O « 

2 C*H 4 SH + KjSO* + Na*S 04 + 2 NaOH 

They are also hydrolysed on boiling with alkalies, with forma- 
tion of the corresponding alcohol, but (with the exception of 
the case of the methyl derivative) this reaction is too slow 
for the purpose of identification. 

On heating with dry sails of carboxylic acids they yield 
the corresponding esters. 

C,H,O SO,OK + CHj-COONa * CH,<X) OC,H 4 + NaKSO^ 
Aromatic sulphonic adds pp. (266-269) are strong add- 
which cannot be extracted with ether from their aqueous solu- 
tions. For isolation, their sodium salts may be precipitated by 
ample addition of sodium chloride and the dry salts converted 
into the insoluble chlorides by means of phosphorus penta- 
chloride. These chlorides can then be hydroly^ by boiling 
with water, and the solution concentrated. In many cases 
the free sulphonic acids can be precipitated by the addition of 
a sufficient quantity of concentrated hydrochloric or sulphuric 
acid. They may be prepared in a pure condition by the 
action of hydrogen sulphide upon their lead salts. 

Many sulphonic acids (or their salts) are deprived of their 
sulphonic group by dissolving them in 50 per cent, sulphuric 
acid and distilling in a current of steam over a free flame, 
gradually raising the temperature by increasing the concentra- 
tion of the sulphuric acid. 

C^Hj-SOjOH + Hfi - Cflt + 

Sulfffionic adds derived from simple hydrocarbons, on readi- 
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ing their decomposing temperature, gradually give up the 
parent hydrocarbon which condenses with the steam. The 
temperature at vdiich the rate of hydrolysis becomes appre- 
ciable is characteristic of the sulphonic add ; as a goieral 
rule, those hydrocarbons which are readily sulphonated are 
regenerated at the lowest temperatures. 

Crystalline salts p<^sessing characteristic melting-points 
may in many cases be obtained with benzyl-iso-thiourca 
{the hydrochloride of which is prepared by warming equi- 
molecular quantities of benzyl chloride and thiourea in 40 
per cent, alcohol). These salts are formed on adding to a 
solution of 10 gram of the sulphonic add in 20 c.c. of boiling 
1-8 per cent, hydrochloric acid a solution of 1*0 gram of the 
reagent in 5 c.c. of the same solvent ; they crystallise out 
on cooling and are recrystallised from i-8 per cent, hydro- 
chloric acid. 

Most sulphonic acids (in the form of their sodium or 
potassium salts) yidd phenols on fusion with potassium 
hydroxide in a nickel or iron crudble. 


C,H,SO,-OK + KOH = C,H,OH + K,SO, 

The phenols can be isolated by dissolving the cooled melt in 
water, addifjing with dilute sulphuric add, and extractmg 
with ether or distilling with steam. Aliphatic sulphonic 
adds are completdy destroyed by this treatment. 

By the action of phosphorus pentachloride upon a salt 
of a sulphonic add, or in some instances of thionyl chloride 
upon the free add, the chlorides are produced. 

C^, p, ONa + pa, «C,H,SO,-a 4- poa, + Naa 
C,H.-SO,OH + SOCl, « C,H, SO,-a + so, + HCl 

These sulphonic chlorides can be purified by distillation under 
reduced pressure, or recrystallisation, when feasible, from 
some non-hydroxylic solvent such as benzene or ligroin. 
They are as a rule but slowly decomposed by cold water, and 
may be employed for acylation of phenols by the Sdmttai- 
Baumann process. 

C,H,'SOp + C,H,ONa - C,H, SO,<x:,H, + NaQ 
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With aqueous ammonia they yield sulphonamides 
C,H. SO,a + 2 NH, « + NH,Cl 

and with aniline they yield the corresponding anilides 

C,H,SO,*NHC,Hg + C.H,NH,HC1 
On treatment with aqueous sodium suljdiite they are con- 
verted into sulphinic acids : 

C,H, S0,C1 -f Na,SO, + H,0 = 

C.HjSOOH + NaCl + NaHSO*, 

while on boiling with zinc in hydrochloric acid they are 
completely reduced to mercaptans: 

C,Hj SO,a + 6H « C,H*'SH + HCl + 2H,0, 
sulphonic acids themselves resisting this treatment. 

Aromatic sulphinic adds (p. 272) may be detected by 
Smiles's test : on dissolving in cold concentrated sulphuric 
add and adding one drop of phenetole or anisole a blue colour 
is produced, due to the formation of a ^ara-substituted 
aromatic sulphoxide by elimination of water : 

C,H|‘SOOH + C,H»OC,H,=* C,H,-S0 C4H40C,H.(4) + H,0 
and on further addition of an excess of phenetole the blue 
colour is discharged, owing to the formation of the sulphate 
of a sulphonium base. 

C.Hj-SOC^H^OCjH, + C,H,OC,H, + « 

C,H,S{-0S0^):(-C,H40C,H.), + H,0 

Aromatic 8ul[^nic adds on fusion with potash yield hydro- 
carbons. 

C,H, SO-OK + KOH « C,H, + 

They may be oxidised by permanganate to sulj^nic adds, 
and reduced by zinc with hydrochloric add to mercaptans. 

Alkyl sulphates (p. 271) are in general water-insoluUe 
liquids, whi(^ on boiling with water are converted into 
the rorresponding alcohols and sulj^uric add, alkyl-sulf^uric 
adds bdng formed as intermediate products. 

CH,0),S0, -f H,0 - CHPSO.DH + CH,OH 
ai,O SO|«OH + H,0 - H^4 + CHjOH 



58 CARBON, HYDROGEN, AND SULPHUR 

They are more powerful alkylating agents than salts of 
alkyl-sulphuric acids, and can be employed, in the presence 
of alkali, for the alkylation of phenols, amines, and similar 
compounds. 

2C,H.ONa + (CH, 0 )^, - 2 C.H, 0 CH, + Na^^ 

2C,H, NH, + 2 (CH, 0 )^, « 

C,H,N(CH,),-CH,OSO,OH + C.H,NH,CH,OSO,OH 

AUqd sulphites resemble carboxylic esters rather than 
alkyl sulphates in that they possess no alkylating pro- 
perties. On hydrolysis with alkali they yield the corre- 
sponding alcohol and a sulphite. 

(C^, 0 )^ + 2NaOH - zCJtifiH + Na^, 

Alkyl esters of sulph<mic adds (p. 270) exhibit properties 
similar to those of the alkyl sulphates, being hydrolysed 
to alcohols and sulpbonates on boiling with aqueous alkalies 
C,H, SOjOCH, 4 * NaOH « C,H| SO,ONa + CH,OH 
and acting as vigorous alkylating agente towards amines 
2 C,H. S 0 , 0 CH, + 3C,H» NH, « 

C,H,N(CHJ, + 2C,H,SO,OHNH,-C,H, 
and phenols in alkaline solution. 

C,H, SO,OCH, + C.H.DNa » C,H*OCH, + C,H» SO,ONa 

Aryl esters of sulphonlc adds (p. 270) are much more 
^able towards hydrol)^ic reagents than the foregoing, resist- 
ing the action of boiling 10 per cent, sodium hydroxide 
solution. They may, however, be broken up by heating 
with highly concentrated alkali to about 200®. 

C,H» SO,<)C«H,+2NaOH « C,H» S 0 , 0 Na-fC,H,<)Na+H ,0 
On warming with alcoholic sodium ethoxide they yield a 
f^enolic ether and a sulphonate. 

C^, SO,-OC,H, + C^jONa « C|H, SO|ONa + C,Hj*OC,H| 
They do not re^ in an analogous manner with amines, and 
can ^ boded with aniline without change. For their idaiti- 
h^tion, they may be nitrated by the action of concentrated 
niWc add upon a solution in concentrated suljdiuric add, 
when they yield dinitro derivatives which are readily bsoken 
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up by alkalies into salts of nitro sul^^onic acids and (generally 
^ra) nitrophenols. 

^ y + iHNO, - 

o ~ NO, + 2H,0 

I 

NO, 

Thiocarboxylic acids (p. 273), on boiling with water, yield 
the corresponding carboxylic acids and hydrogen sulj^de. 

CHj-COSH + H,0 = CHjCO-OH + H,S 
They may be employed as acylating agents; reacting with 
amines, such as aniline with production of substituted amides 
and hydrogen sulphide. 

CH.CO-SH + = CH,-CONHC,H, + H,S 

They do not yield thio^ters on treatment with alcohols in 
the usual manner, but lose hydrogen sulphide with formation 
of carboxylic esters. 

CHjCOSH + C,H,OH = CH,<X)OC,H, + H,S 
On treatment with salts of heavy metals in watery solution 
they yield coloured precipitates which decompose into the 
sulphides on boiling. 

2CH,C0SH + CuSO, - (CH,-COS),Cu + H,SO, 

(CH.CO S) A + H,0 * 2 CH,<XX)H + H,S + CuS 

If the substance is strongly alkaline, or is the salt of a 
strong base which is not liberated by aqueous alkali, it may 
possibly be a sulphonium compound. Sulphonium hydros* 
ides are frequently more strongly basic than the hydroxides 
of the alkali metals ; the free bases cannot for iJtas reason 
be prepared by the action of caustic soda upon solutions of 
their s^ts. The process commonly employed for this purpose 
involves the action of silver oxide upon a solution of 
sulphonium halide. 

2 (CHJ,SI + Ag ,0 + H ,0 - 2(CHJ,S OH + aAgI 

Sulphonium salts in acetone solution dissolve mercuric 
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iodide with fonnation of addition compounds, which crystal- 
lise out on evaporation of the solvent. 

2 (CHJ,SI + Hgl, « (CHJjSI Hgl, 

For determination of the equivalent of the base the platini- 
chloride may be isolated and treated in the manner described 
on p. 317. This may readily be prepared by the action 
of platinic chloride upon a concentrated aqueous solution of 
the sulphonium chloride, precipitation (if necessary) by 
gradual addition of alcohol, and recrystallisation from a suit- 
able solvent such as epichlorohydrin. 

2(CHJ^ + Pta4 « [(CH^^j.PtCl. 

If the substance is practically neutral to litmus, it may 
be a sulphone, a sulphoxide, a sulphide or a disulphide, or a 
mercaptan. Due allowance must be made for the possible 
presence of carboxyl groups, and the fact is to be borne in 
mind that the presence of the molecule of a sulphone group- 
ing considerably augments the acidic character of phenolic 
hydroxyl groups. 

Sulphones (p. 265) exhibit no specific reactions, being 
extremely stable. They are unattacked by the action of the 
most powerful acids, alkalies, or oxidising or reducing agents. 
Aromatic sulphones may thus be boiled with fuming nitric 
acid with no further effect than nitration, while the simpler 
aliphatic members of this class are unaffected even by this 
violent treatment. They are, however, broken up into sul- 
jAinates and hydrocarlwns on treatment with sodium in 
boiling toluene. 

2 CJH, S0,-C^. + 2 Na - 2C.H, SOONa + 

The simpler sulphones may be distilled unchan^^ under 
atmospheric jn-essure ; some disulphones such as sulphonal, 
on the other hand, break down on strongly heating, yield- 
ing carboxylic acids, mercaptans, sulphur dioxide, and other 
products. 

Sulphoxides (p. 265) may exhibit faintly basic properties. 
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Many give Smiles’s te^ (cf. aromatic sulphinic acids), ^ and 
are far less stable than the sulphones. They may be oxidised 
by nitric acid, or better, by adding finely powdered potassium 
permanganate to a solution in glacial acetic acid, with forma* 
tion of sulphones ; and may be reduced to the correspond- 
ing sulphides by boiling with tin or zinc in hydrochloric 
acid. 

Sulphides and mercaptans (pp. 262, 264) may be character- 
ised by the fact that they give precipitates of solid double 
compounds when shaken with aqueous mercuric chloride. 

4- HgCl. - (C.HJ^{Cl).HgCl 
+ HgCl, « C^gS HgCl + HQ 

These compounds may be recrystallised from alcohol, and 
possess definite melting-points. It is to be noted that hydro- 
chloric acid is liberated by the action of mercuric chloride 
upon mercaptans, so that the production of a strongly add 
solution on addition of the sublimate solution is indicative 
of the presence of a mercaptan. 

Sulfides, on oxidation by standing with the calculated 
amount of hydrogen peroxide in acetone solution, yidd suljA- 
oxides, while on treatment with stronger oxidi^ agents, 
such as nitric acid or potassium permanganate in glacial 
acetic add, they are oxidised to sulphones. 

Mercaptans, on oxidation with dilute nitric acid, are 
converted into the corresponding suljAonic adds 
C,Hj SH +30-= CgH,SO,OH, 

milder oxidising agents, such as bromine water, iodine, or 
ferric chloride, giving rise to disulphides. 

2C,H,SH + 2Fea, « C,H*S SC»H, + aFeQ, + 2Ha 
On treatment with cold concentrated sulphuric add they are 
oxidised with evolution of sulj^ur dioxide. 

Mercaptans exhilnt their dose relationship to hydrogen 
sulphide in their aWity to form metallic derivatives, yidding 

* It it to be obenved that aromatic solphoxides which contain 
hydroxyl and ^ilar groupt dissolve in concentrated sulphuric acid 
with a more or kea pronounced bine odour. 
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(generally yellow) precipitates with dilute sOvor nitrate and 
entering into solution in aqueous sodium hydroxide. With 
the exception of that of methyl mercaptan, the sodium salts 
of the simple aliphatic mercaptans are so readily hydrolysed 
that on boiling their alkaline solutions the free mercaptans 
are liberated and pass out with the steam. Like the corre> 
sponding sulphides, the alkali mercaptides of the aliphatic 
senes yield intense purple colours on treatment with s^um 
nitroprusside solution ; in the aromatic series these colours 
are extremely transitory, owing to the oxidation of the 
mercaptan to the disulphide. 

Mercaptans may be acetylated by the action of acetyl 
chloride in dry chloroform or benzene solution, with forma- 
tion of thioacetic esters. 

C,H,SH + CH,<X)a » CH.CO SC^, + HQ 

The simpler sulphides and mercaptans possess powerful 
and somewhat unpleasant odours. 

Disulphides (p. 264) exhibit properties similar to those 
of the sulphides. They may, however, be reduced to the mer- 
captans by treatment with zinc dust in dilute mineral acids 
C,H,S SC^, -h 2H = 2C,H,SH 

and yield sulphonic ados on oxidation with nitric acid. 
Solutions of aromatic disulphides in concentrated sulphuric 
add, on treatment in the cold with phenetole. yidd mixed 
^phenetyl sulphides with evolution of sulphur dioxide. 

+ 2C,H,0C^, + HjSO* « 

2C^,SC,H,OC^,(i:4) + H.O SO, 

Types of Rtdlde involving the detectimi of 
CARBON, HYDROGEN, and HALOGEN 

Throughout the series of oiganic halogen compounds it 
may be taken that the chlorine compounds part less readily 
with their halogen than do the corresponding bromine com- 
pounds. and that iodine compounds are the most reactive 
of thdr da^. Thus alkyl iodides are rapidly de^roposed 
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on wanning with alcoholic silver nitrate, the alkyl chlorides 
and bromides being decomposed by this reagent far less 
readily, if at all. The only iodo compounds which are not 
decomposed in this way are those in which the iodine atom 
is directly attached to an aromatic nucleus, an example of 
this t3rpe being iodobenzene. 

On boiling the substance with alcoholic potash, all types 
of halc^en compounds, with the exception of the majority 
of those in which the halogen atom is united to an aromatic 
nucleus, yield potassium halide. This, if formed in consider- 
able quantity, is precipitated from the alcoholic solution, or 
if formed in only small amount, can be detected by dilution, 
acidification with dilute nitric acid, removal of by-products 
by filtration or extraction with ether, and addition of silver 
nitrate to the clear aqueous solution. Aromatic hal(^en com- 
pounds in which a nitro group is present in the positions ortho 
or para to the halogen atom are, unlike other aryl halides, 
decomposed with replacement of the halogen atom by a 
hydroxyl or alkoxyl group. Halogen compounds may thus 
be divided into two large classes, which comprise organic 
derivatives of all three halogens. 

Organic compounds containing chlorine and bromine may 
further be roughly subdivided according to their relative 
reactivity towards halogen-eliminating reagents. 

On treatment with water, warming if the substance does 
not enter into solution, and decanting the aqueous portion, 
solutions of halogen hydracids will be present in the case of 
carboxylic acid halides and aliphatic halogen-substituted 
ethers in which the halogen atom is attached to the same 
carbon atom as the alkoxyl group. 

Carboxylic acid haUdes (p. 185) r^ct with water, yielding 
the corresponding carboxylic acid and hydrochloric acid or 
one of its analogues. 

CH,-COa + H,0 « CHj-COOH + HQ 
This reaction takes place rapidly in the cold with the halides 
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of the lower fatty acids, but increasingly slowly with increasing 
molecular weight, possibly on account of decreasing solul^ty 
in water. On treatment with alcohols, in whidi they are 
soluble, they rapidly yield esters. 

C,H,-COa + CH,OH » C,H,-COOCH, + HQ 
A similar reaction takes place, rather more slowly, on warming 
with phenols. 

CH.COCl -f C^H.OH = CH,-COOCgH, + HCl 

On slowly adding an acid halide to an excess of concen- 
trated ammonia solution, with efficient agitation and cooling, 
the amide is formed. 

C.H.COa + 2NH, = C.H,-CONH, + NH^CI 
The amides of acids of high molecular weight, being insoluble 
in water, separate out during the reaction ; those of low 
molecular weight, which dissolve more readily, frequently 
remain in solution, so that it is often convenient to carry 
out the reaction in the presence of a relatively large volume 
of ether ; the ammonium chloride solution is separated and 
the ether distilled, when the amide remains as a residue. 
An analogous reaction takes place with amines such as aniline 
or diphenylamine. 

CH,-COa + 2C,H, NH, = CHj-CO NH-C.H, -f C«H, NH, HC1 
If the base be dissolved in ether, the amine hydrochloride 
is precipitated and may be filtered off, leaving the substituted 
amide in solution. 

Similar in general behaviour are the alkyl chloroformates 
(or chlorocarbonates). (p, 185), which react slowly with cold 
water, yielding hydrochloric acid, carbon dioxide, and alcohols. 

a<XX)CJH,-f H,0 » HCl + CO, + C,H,OH 
On wanning with alcohols they yield alkyl carbonates and 
hydrogen chloride : 

C,H,OH + a-COOC,H, - (C,H,0)^ + HQ 

and react similarly on shaking with cold alkaline solutions 
of phenols. 

C,H,QNa + a<XK)C,H, - C,H,OGOOC,H, NaO 



a-HALOGEN ETHERS 


^5. 

Wh^ dowly added to cold concentrated ammonia, preferably 
covered with a large volume of ether, alkyl carbamates 
(urethanes) are formed and may be isolated by distilling 
the ethereal solution. 

2NH, + a-COOC^, « NH.-COOC^, + NHp 

An analc^us reaction takes place with aniline, alkyl carb- 
anilates being produced. 
aCiH. NH, + a-COOC,H, « 

+ C,H,'NH,HC1 

a^Halogen-substituted aliphatic ethers (p. 177), on treat- 
ment with water, and in ^me cases with alcohol, yield the 
corresponding alcohols, aldehydes, and halogen hydrides. 

CH,C10CH, + H,0 = CH,0 + CH,OH + HCl 
On treatment with anhydrous potassium or sodium acetate, 
the halogen may be replaced by an acetoxyl group, the 
resulting esters being in most cases sufficiently stable for 
characterisation. 

CH,CH(OCHJCl + CH.COOK = 

CH,CH(0CH^-0-C0-CH, + KCl 

Observation of the effects on boiling with a solution of 
pyridine in aqueous alcohol ^ under reflux, cooling, diluting 
with distilled water, acidifying with dilute nitric acid, filtoing 
if necessary, and adding silver nitrate to the clear solution, 
is of service in distinguishing some of the remaining types 
of halogen compounds. Chlorine compounds should be boiled 
with the pyridine solution for about thirty minutes and 
t^omine compounds for about five minutes. 

As a general rule, halogen-substituted ketones, adds, and 
esters, in which the halogen atom is idtached to the carbon 
atom next to the carbonyl or similar grtmp, give rise to solutions 
containing considerable quantities of ionised halogen, as evi- 

^ AbootO'5grim<ff the substance with a stmiltr amount of pyiidine 
is Mtffident, tim volume of solvent being about so c.c. Puce a l c oh ol 
may be empk^ed shookl the substance fail to dimohre to a suffident 
extent in aqueous alcohol. 

aA. 


F 
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dmxd by the fonnation of a distinct precipitate of silver 
halide. Similarly, the halides of such radteks as all^ ami 
beniqrl part with their halogen fairly readily to pyri^e. 

C.H,N + C,H,-CH,-a - 

Other classes of aliphatic chlorine and bromine compounds 
may yield a faint turbidity on the addition of silver nitrate, 
while aryl halides yield none whatever. 

Simple alkyl halides (pp. 167-173) may bedistinguished 
from other types of oiganic halogen compounds by their com- 
plete insolubility in concentrated suljAuric acid. Unsaturated 
and aromatic hal<^enated hydrocarbons may dissolve in hot 
sulphuric acid, with fonnation of acidic products, but this 
action takes place with increasing difficulty as the proportion 
of halogen in the molecule increases. 

Characteristic derivatives of all aliphatic halogen com- 
pounds (pp. 167-173. 178. 179. 182-188. i89)-which definition 
includes aromatic compounds containing halogen-substituted 
side-chains — may be prepared by boiling under reflux (a) 
with an alcoholic or aqueous-alcoholic solution of potasdum 
cyanide, when nitriles are formed : 

C«H,CH, Br + KCN « C,H,CH,CN + KBr 

(b) with {Himary or secondary amines, such as aniline or 
ethylaniline, secondary or tertiary bases being formed : 

2C*H, NH, + C,H,Br « C,H, NHC^, + C,H» NH, HBr 

or (c) with anhydrous sodium acetate, or better with sOver 
a^tate, prodiunng a<%tic est^, this last reaction being espe- 
d^y applicable in the case of alkyl iodides, the dry dlv^ salt 
being treated with the iodo compounds in dry ether. 

CH,*I -h CH,-COOAg » CH,<XXXH, + Agl 

On boiling the substance with an alcoholic soMm of a 
]ffienol containing an equivalent amount of alkali. |^i«nolic 
ethers are jH-oduced. The most suitable phenol is ^najffithol. 
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since the ethers formed from it are generally solids possessing 
characteristic melting points. 

Cj,H,ONa + CJH.Br « CjJH^-OCJH, + NaBr 

Alkyl halides react in dry ethereal solution with metallic 
magnesium, forming the ether-soluble alkyl-magnesium halides 
(Grignard reagents). 

C,H. Br + Mg - C.H.*Mg Br 

These addition products are highly reactive, yielding the 
parent hydrocarbon with any substance containing a re- 
placeable hydrogen atom (su^ as water, alcohols, amines, 
amides, acids, etc.), forming secondary alcohols with alde- 
hydes and tertiary alcohols with ketones and esters, and 
regenerating the alcohol corresponding to the original halide 
on exposure to atmospheric oxygen. For purposes of identi- 
fication the most suitable derivative is the carboxylic add 
formed on passing carbon dioxide into the ethereal alkyl- 
magnesium halide and decomposing the resulting salt with 
dilute mineral add. 

C.H.MgBr + CO, = CJH[.<XX)MgBr 
C,H.-COOMg Br + HCl « CJH.<XX)H 4- MgBiQ 

The resulting acid may be identified as its amide or anilide, 
and its identity definitely locates the position of the original 
halogen atom. 

Chloroform, bromoform, iodoform, and chloral hydrate may 
be detected in very small amounts by the following test : 
to 4C.C. of 20 per cent, sodium hydroxide solution are added 
enough pyridine to form a layer 2 mm. deep and a drop 
of the liquid suspected to contain one of these compounds. 
The mixture is heated just to boiling and allowed to stand ; 
should one of the above substances be present the pyridine 
layer assumes a red colour. 

Aromatic halogen compounds (pp. 173-176,178,181,188) 
may be treated according to the methods suggested for the 
examination of aromatic hydrocarbons-4uunely nitration 
sulfdionation, oxidation, etc. (pp. 73-76), when characteristic 
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derivatives can be prepared in the same ways. As stated 
above, halogen atoms directly united to an aromatk nucleus 
are incapable of undergoing the general metathetical reacttOlIt 
characteristic of alkyl halides ; there is however one excepticm 
to this rule, and this is the formation of Grignard reag^ts 
with magnesium in dry ether. This reaction takes {dace 
as readily as it does with the aliphatic halogen compounds, 
and it al^ can best be adapted to identification by the for- 
mation of carboxylic adds by the action of carbon dioxide. 

► C^i-Mg-Br — ► C,H|<XX)MgBr — ►C.H.COOH 
It may also be of advantage to prepare the parent hydrocarbon 
hy the cautious addition of water or alcohol. 

C^. Mg-Br + C^,OH « + MgBrOC^H* 

Iodine compounds difer from the corresponding chloro- 
and bromo-derivatives in their behaviour towards chlorine. 
Alif^tk iodides on treatment with chlorine are converted 
into the corresponding chlorides, with elimination of iodine. 
An analogous reaction takes place with komine. Aromatic 
iodo compounds, on the other hand, lose no iodine but form 
yellow, crystalline dichlorides. 

I + a, - C,H, ia, 

The halogen atom directly attached to an aromatic nucleus 
may be partially or even quantitatively obtained as sodium 
halide by dissolving the compound in alcohol and adding 
excess of sodium in small portions (su p. 309, Stepanow's 
method). 

Tn>es of Radicle in iriiich 

CARBON, HYDROGEN, NITROGEN, and SULPHUR 
occur in coojunctioo 

Under this head are included the Thiocyanates, Isothio- 
cyanates, Thioamides and Thioureas, and Snlpbonamides. 
In other types of compounds in which carbon, hydrogen, 
nitrogen, and suljdiur have been detected, the groups in- 
volving the nitrogen and the sul|diur atoms may be ocmsidQied 
indepoidently. Thus, for examjde, in the case of mipitfltiiiii* 
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acid, the nitrogen may be demonstrated to be present in the 
form of an aromatic primary amino radicle by the formation 
of a diazo solution, and other characteristic reactions, while 
the sulphur may be shown to be in the form of a sulphon3d 
group by the fact that the substance forms neutral salts 
with alkalies, cannot be reduced to a sulphide or a mercaptan, 
and so forth. The effect of the two groups upon each other 
is of course to be taken into consideration, as this frequently 
causes very considerable changes from the usual reactions of 
the individual types. Thus sulj^ianilic acid, on fusion with 
potash, instead of yielding potassium sulphite and an amino- 
phenol, yields aniline and potassium sulphate. 

In the types discussed in this section the sulphur and 
nitrogen atoms are so dependent upon each other that no 
selective examination of either is possible, the whole group 
being considered as one individual radicle. 

In the ali{^tic and aromatic thiocyanates (p. 278), the 
fact that the alkyl or aryl radicle is attached to sulphur is 
shown by reduction with zinc dust in hydrochloric acid. 

C|H, S*CN + iH « C,H| SH + HCN 
The resulting mercaptan should be isolated and examined, 
and hydrocyanic acid should be carefully tested for by 
passing the evolved gases into alkali and treating the solution 
for the * Prussian blue ' test. On oxidation by boiling with 
nitric acid they yield sulf^onic acids. 

C^» S-CN + 2 O + H,0 « C,H, SO,OH + HCN 
On boiling with alcoholic potash, potassium thiocyanate is 
formed : 

CH, S-CN + KOH - CHjOH + KSCN, 

which may be tested for by diluting with water, acidifying 
with dilute nitric acid, and adding a drop of ferric chloride 
solution, when a red coloration of ferric thiocyanate will 
af^^ear. Some thiocyanates whose boiling-points lie above 
160*^ are converted partially or entirdy into ^e correspcmding 
isothiocyanates cm distillation undo: atmo^eric pressure. 



70 CARBON. HYDROGEN. NITROGEN, SULPHUR 

/sothiocyanates (p. 278), or ‘Mustard oils,* possess 
properties analogous to those of the isocyanates, thou^ they 
are wmewhat less reactive. Like the latter, they possess 
irritating odours. On long boiling with concentrated hydro- 
chloric acid they break down into primary amines, with 
evolution of hydrogen sulphide, which should be tested for 
by placing in the evolved vapours a piece of filter paper 
moistened with lead acetate solution. 

CH^CHCH,N:C:S + HQ + aH.O = 

CH,:CH*CH, NH, Ha -f CO, + H,S 

On reduction with zinc dust in dilute mineral acid they yield 
primary amines with evolution of thioformaldehyde, which 
is recognisable by its leek-like odour. 

C,H, N:C:S + HCl 4H * C,H, NH, a + CH,S 
On treatment with ammonia or with primary or secondary 
amines, derivatives of thiocarbamide are produced. 

C,H,N;C:S + C,H,NH, = C.H.NH-CSNHC.H, 

On warming in alcoholic solution with mercuric oxide or 
chloride, a derivative of urethane is produced, with precipita- 
tion of mercuric sulphide. 

C,H, N:C:S + HgO « C,H, N:C:0 + HgS 
C,H,N:C:0 + C,H,0H = C,H,NH<X)OC,H, 

Sulphonamtdes (pp. 274, 275)— simple, primary, and second- 
ary— have been discuss^ in the section dealing with amines 
(p. 43). Substituted sulphonamides may be produced by 
treating the sodium derivatives of simple sulphonamides with 
alkylating agents. Simple sulphonamides, on heating to 
about 120** with 70-80 per cent, sulphuric acid, yield the free 
sul{^nic acid and ammonium sulphate. 

CJH[,*SO,NH, + H,0 + HgSO, - C,H,SO,OH + NH 4 SO 4 H 
while primary and secondary substituted sulj^Kmamides on 
hydrolysis yield the corresponding sulphonic add and amine. 
If the mixture be heated to boiling, the parent hydrocarbon, 
sulphuric add, and ammonia are formed. 

CS.’SOfiH -f H,0 + H,SO, - CJd. + H,SO, + NH4S0,H 
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and thiocwb«niide$(p. 875) on hydrolysis 
alconohc potash under reflux, 3 deld the potassium salt of the 
carboxylic acid or carbonic add, potassium suli*ide, and 
ammonia or an amine. 


CHj-CS NH, -f 3KOH *=: CH,<XX)K + NH. + K <5 -1. H n 
(C|H, NH)/:S + 4KOH « 2C,H,*NH, 4 * K/X), + K,S + H,P 

Simple thioamides on treatment with mercuric oxide yield 
the nitriles with formation of mercuric sulphide. 

C*H|-CS NH, + HgO » C,H|*CiN + HgS + H,0 
Thiocarbarmde and its derivatives on warming with strong 
hydrochloric acid yield primary amines or ammonia, guanidine 
or substituted guanidines, and hydrogen sulphide. 

CjH|*N.C.S 4- HCl 4* 2H|0 = CgH.*NH,-Cl + CO. + H,.S 
(C,H, NH).CS + C.H, NH, - (C,H,-NH),C:N'C,H, + H,S 

In many cases it is possible to isolate the fsothiocyanate which 
IS formed as an intermediate product. The guanidine 
derivative may be decomposed by boiling with alcoholic 
potash. 


C,H, N:C(NH-C,H,), + jKOH + H,0 = sC.H. NH, + KfiO , 
Simple and monosubstituted thiocarbamides on treatmat 
with mercuric oxide yield simple and substituted cyanamides : 

C,H, NH-CS NH, + HgO - C.H. NHOiN + HgS + H.O, 
while symmetrical: • disubstituted thiocarbamides are can- 
verted by mercuric oxide into the corresponding derivatives 
of carbamide. 


CS(NH-C,HJ, + HgO - CO(NHC,H.), + HgS. 


Types of Radicle involving the detection of 
CARBON and HYDROGEN only 

In this section are set forth the jmnciples to be foUowed 
in the examination of the remaining porticm of the molecule 
of substances in which elements other than carbon and 
hydrogen have bear detected. Such examination can of 
course be carried out only after the allotment of the compound 
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into its proper class with respect to the nitrogen, sulj^or, or 
halogen contained therein. For the purposes in view, 
however, it is assumed throughout that in the types of 
compound described no elements other than carbon and 
hydrogen have been detected ; for were the discussion not 
thus restricted, an unwieldy mass of exceptions and special 
cases would require to be described. All such exceptions 
and special cases will be found in the tables of compounds. 
The piyiminary tests, if rigorously and completely carried out. 
will have greatly limited the range of possibilities, if they 
have not definitely established the class of the substance 
under examination ; hence doubt should but rarely arise 
from this restriction of the field of discussion. 

If the substance is readily soluble in water, the presence 
of oxygen in the molecule is certain. Hydrocarbons and 
ethers, and the majority of esters, acid anhy^des, and many 
substances of high molecular weight containing but few 
hydroxyl groups are insoluble or but sparingly soluble in 
water. Other types of compound, especially those of low 
molecular weight, such as alcohols, some phenols, aldehydes, 
ketones, carboxylic acids, sugars, and glucosides, frequently 
dissolve in cold water. 

When the substance is insoluble in water, the action of 
metallic sodium should be tried upon a solution of the dry 
substance in absolutely dry ether, which should be drawn 
from a stock maintained permanently in contact with this 
metal. As a general rule, evolution of hydrogen ensues in 
all cases except those of hydrocarbons and ethers and some 
esters, such as ethyl benzoate, in which no replaceable hydro- 
gen atom is present. 

Hydrocarbons may be distinguished from ethers — and in 
f^ from all oxygen-containing compounds wl^ are suffi- 
wlulde in benzene — by taking advantage of the 
observation that solutions of iodine in oxygen-free liquids 
are yiokt in colour, while solutions of iodine in liquids ctm- 
taining oxygen (combined dther in the sedvent or in some 
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other solute present in sufficient quantity) possess a brown 
tint. The test may be performed by mixing in a test-tube 
5 c.c. of a 0*005 cent, solution of iodine in pure benzene 
with 5 c.c. of a 5-10 per cent, solution in the same solvent 
of the substance under examination. The colour of the 
resulting mixture, viewed through the length of the tube, is 
compared with that of a mixture of the same volumes of 
the iodine solution and pure benzene. 

Hydrocarbons (p. 104), unless unsaturated or aromatic, 
do not exhibit a wide scope of reactions. Saturated hydro- 
carbons may be distinguished from unsaturated and aromatic 
hydrocarbons by their failure to rise in temperature when 
treated with a cold mixture of concentrated nitric and sul- 
fffiuric adds. They are also completely insoluble in concen- 
trated sulphuric add, while unsaturated hydrocarbons are 
as a rule either dissolved or polymerised to higher-boiling 
products. Aromatic hydrocarbons vary among themselves 
in their reactivity towards strong sulphuric add ; benzene 
is only slowly suljffionated at its boiling temperature ; toluene 
and ethylbaizene are dissolved rapidly on boiling, though 
slowly in the cold ; ortho and meta xylenes are sulphonated 
rapidly in the cold, while pofa xylene requires long treatment 
at the boiling temperature for complete sulphonation ; 
mesitylene and pseudocumene are very rapidly sulphonated 
in the cold ; naphthalene and anthracene, on the other hand, 
are suljffionated only slowly in comparison with the hi^y 
methylated derivatives of benzene. 

On account of the lack of reactivity of saturated hydro- 
carbons, their identification must generally rest upon deter- 
minations of boiling point and density. 

Aromatic hydrocarbons may frequently be oxidised by 
different reagents such as nitric acid, chromic acid mixture,^ 

> Prepared either by dinolving 10 grains of chromic anhydride in 
So C.C. (d water, and adding 6 c.c. of concentrated sulfuric acid ; 
or by adding it c.c. of tnl^nric acid to a solution of 15 grams of 
potassium bichromate in 60 c.c. of water. 
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a solution of chromic add in gladal acetic add or sul[^i!ric 
add of fairly hi|^ concentration, or potassitim permanganate 
in add. nentral, or alkaline solution ; different «)d-pr^ncts 
are frequently obtained by varying the oxidising agent. 
As a general rale. side*chains are thus oxidised to alddiydic 
or carboxyl groups directly united to the aromatic nucknis. 
Thus toluene or ethylbenzene yield benzoic add. naphthalene 
yields phthalic add. and ^xylene or cymene yields tere- 
f^thalic add. 

+ 3O - C,H,-COOH + H,0 
C,H,(CH,), + 60 « C,H,(C00H), + 2H,0 

The procedure for oxidation with alkaline permanganate — 
which is the method most generally applicable to all types of 
aromatic compounds, as well as hydrocarbons— is as follows : 
Between one and two grams of the substance is boiled under 
reflux with very dilute alkali, some pieces of porous earthen* 
ware or capillary glass tubes sealed at one end being added to 
facilitate ebullition. A solution containing the exact amount 
of potassium permanganate--calculated from the equation 
zKMnOi + H,0 - zMnO, + 2KOH + 3O. 
suflkient to produce the required cffect—is gradually added 
to the boiling solution, and the heating continued until the 
original red colour of the permanganate has disappear^. 
The predpitated hydrat^l peroxide of manganese is then 
ffltered off, the filtrate concentrated to small bulk, filtered 
if necessary, addified with hydrochloric acid, and the resulting 
add filtered off or extracted with ether. It is inadvisable 
to emjdoy more than the calculated quantity of pomanganate. 
dnce the oxidation products themselves are frequently de^ 
stroyed to some extent by the oxidiang agent. Similarly, 
on oxidising with chromic add mixture, the amount of 
oxidising agent is to be calculated from the equation 
2C1O, -f 3H1SO. - Cr,(SO*), + 3H,0 + 3O. 
the action being continued until the original ydlmv colour 
has been entirely superseded by the green colour of the 
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cluromic salt. In addition to oxidation, sulphonation, brom- 
ination, and especially nitration, are of the greatest advantage 
for the purpose of preparing characteristic derivatives of aro- 
matic hydrocarbons and other types of aromatic compoimds. 

Sulphonation may be effected either by warming with 
concentrated sulf^udc acid or by the action of fuming sul- 
phuric acid, according to the ease with which the compound 
is sulphonated. The resulting sulphonic acids frequently 
crystdlise out on slightly diluting die sulphonation mixture 
at the end of the reaction ; or the sodium salts may be thrown 
out by adding the mixture to a relatively large volume of 
saturated sodium chloride solution. 

For the preparation of sulphonic derivatives the most 
satisfactory procedure, however, is to add the hydrocarbon 
gradually to about five times its weight of chlorosulphonic 
acid, with efficient cooling and agitation. On pouring the 
resulting mixture into crushed ice the corresponding sulpho- 
chloride (or mixture of isomeric sulphochlorides) separates as 
an oil or low-melting solid, which can be extracted with chloro- 
form and distilled under reduced pressure or filtered off and 
recrystallised from light petroleum. 

-J- 2C1S0,H « (CH,),C,H,SO,Cl + HCl -h HjSO, 
A small proportion of sulphone is frequently formed simul- 
taneously ; such sulphones are less soluble in light petroleum 
than the sulphochlorides, or remain as residues on distillation. 
For further characterisation, the sulphochlorides may be 
converted into the corresponding sulphonamides by treatment 
with ammonia (cf. p. 57). 

Bromination is best carried out by slowly adding the 
requisite amount of bromine to the hydrocarbon, to which 
a small quantity of iodine or iron filings has been added. 
After warfdng it with water, the product is fractionally dis- 
tilled in order to separate unchanged hydrocarbon and di- 
bromo derivatives from the pirincipal monobromo product. If 
the bromine is added at 100-150^ in the absence of catalyst, 
tounination takes place in the »de-cham ; thus the 
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yield xylyl bromides and xylyiene bromides, and ethylbenzene 
yields a-iromo and o/J-dibromo derivatives. The j^eparation 
of these compounds is not recommended since they are often 
very strongly lachyrmatory. 

For the preparation of mononitro derivatives, a mixture 
of concentrated nitric and sulphuric adds is added, with 
vigorous stirring, to the hydrocarbon alone or in solution in 
carbon tetrachloride, the temperature being held bdow 40®. 
In order to obtain more highly nitrated derivatives, fuming 
(90-^5 per cent.) nitric acid is substituted for the ordinary 
(65-70 per cent.) add, and the temperature is raised towards 
the end of the reaction. Great care should be taken in nitrat- 
ing unknown compounds, as the reaction is sometimes ex- 
plosively violent and a splash of acid may cause serious 
injuries to the eyes or skin. 

Many aromatic hydrocarbons, and aromatic compounds 
generally, form well-defined addition products with picric add, 
produced by mixing saturated solutions of the substance 
under examination and of picric add in 95 per cent, alcohol, 
warming, and allowing to cool slowly. The picrates, which 
crystallise out on cooling, may be recrystallised from the 
same solvent, and possess mdting-points characteristic of 
the hydrocarbon. 


Unsaturated compounds, as stated in the chapter on 
examination for approximate constitution, yield addition- 
product with bromine, and may be readily oxidised with 
formation of a variety of different end-products, according 
to the degree of violence with which the oxidation is carried 
out. Unlike saturated and many aromatic hydrocarbons, 
thty dissolve— at least partially— in concentrated suljAuric 
acid, from which, however , they cannot be recovered unchanged 
on dilution with water. The simpler aliphatic unsaturated 
hydrocarbons dissolve in cold 80-^ per cent snlf^uric acid, 
giving water-soluble all^lsulphuric acids which cm distillatio& 
with steam teeak up into secondary or tertiary alcohols. 



ETHERS 


77 


The hif^her the molecular weight of the hydrocarbon the more 
readily does this reaction take place and the lower the neces- 
saiy concentration of the add ; but the higher members dis* 
]day an increasing tendency to polymerise to hi^-boiling 
hy^ocarbons which do not dissolve in the add mbcture. 

Unsaturated, like aromatic, hydrocarbons react with fum- 
ing nitric acid, occasionally with considerable violence. This 
test serves to distinguish saturated paraffin hydrocarbons 
which alone are unattacked by this powerful reagent. 

Ethers {pp. 110-113) may be differentiated from saturated 
and aromatic hydrocarbons by the fact that they dissolve in 
cold concentrated sulphuric add. On pouring the resulting 
solution very slowly into ice-cold water, the ether is thrown 
out of solution, and can be recovered unchanged. They 
may be oxidised by warming with a solution of chromic 
acid in concentrated sulphuric acid, with production, in the 
case of aliphatic or aliphatic-aromatic ethers, of carboxylic 
adds or of aldehydes. The aliphatic-aromatic ethers may 
be decomposed by boiling with constant-boiling (48 per cent.) 
hydrobromic acid, which breaks them up into phenols and 
alkyl bromides. 

C,H,-CX:H, + HBr « C,H*-OH + CH,Br 

A similar effect may be brought about with concentrated 
hydriodic add (cf. p. 320) or by carefully warming the ether 
with anhydrous aluminium chloride. 

If the substance shows an add reaction to litmus when 
examined in presence of water or aqueous alcohol, it may 
be a carboxylic acid or an add anhydride. Some jffienok 
and a few eakly hydrolysable esters, such as methyl oxalate, 
may also present add properties towards litmus. In the 
case of {ffienols, the add reaction is generally extremely faint 
and often barely perceptible, yMit in the case of esters 
it is more the exception than the rule for an add reaction 
to be obtained. In order to distinguish these classes, a 
ynall quantity^bout 0*05 gram— of the substance, finely 
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powdered if solid, is suspended or dissolved in pure water 
or aqueous alcohol, a drop of phenolphthalein solution added, 
and decinormal sodium or potassium hydroxide run in from 
a burette. Sharp end-points will be given readily only by 
acids and very ^isily hydrolysable anhydrides and esters. 

Carboxylic adds (pp. 136-149) are the most strongly 
addic class of compound among substances containing only 
carbon, hydrogen, and oxygen, and their alkali salts are not 
decomposed by the action of carbon dioxide. The lower 
members of the series are misdble with water, and only few 
adds exist which are insoluble in boiling water. 

On wanning on the water-bath with an excess of methyl 
or ethyl alcohol in presence of a small amount of concentrated 
sulphuric add, or on passing a current of dry hydrogen chloride 
into a boiling solution of the add in the alcohol, esters are 
produced. 

CHg<X>OH + C^*OH « CH,COOC,H, + H,0 
When suljAuric add has been employed for esterification, the 
mixture should be poured into cold water and ether added, 
the extract separated from the aqueous portion by a separat- 
ing funnd, washed with dilute sodium carbonate solution 
and again with pure water, and finally distilled. When 
gaseous hydrochloric add has been employed as a catalyst, 
the same process may be applied for isolation ; but when 
the boiling-point of the ester is high, the resultant mixture 
may be fractionally distilled without further treatm^t. 
Care must be taken, however, that the reaction has been 
given suffident time to come to completion, otherwise the 
ester will be contaminated with unchanged acid. For this 
reason it is preferable, whenever posdble, to v^mh the final 
product with sodium carbonate solution before distilling. 

On warming on the water-bath at 50-fio® with phosj^rus 
trichloride or with thienyl chloride, carboxylic adds yield 
the corresponding chlorides. 


+ PCI, « 3CH,-COa + H,PO, 

CJH.<XX)H + soa, - + hS + 


so, 
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These may be employed, without necessarily purifying before 
further conversion, for the preparation of esters, amides, or 
substituted amides. 

On boiling an acid with an equivalent quantity of aniline 
or ^toluidine for several hours, the anilide or ^toluidide is 
produced. 

CH.COOH + C,H, NH, » CH,CO NH-C,H| + H,0 

The lower members of the fatty acid series may rapidly 
be distinguished by testing firstly with acid permanganate, 
which is decolorised by formic acid but by none of its homo- 
logues ; the latter differ in the solubility of their ferric and 
cupric salts in organic liquids. A 1-2 per cent, solution of 
the acid in water is accurately neutralised (to phenolphthalein) 
with seminormal alkali,^ and 2 c.c. of the resulting solution 
is mixed with i c.c. of tsoamyl alcohol (preferably diluted 
with half its volume of methyl alcohol), and one or two drops 
of 2 per cent, ferric chloride or copper sulphate are add«i. 
The mixture is well shaken and allowed to stand until it 
separates into layers. In the case of acetic acid (and formic 
acid) the aqueous layer is coloured and the isoamyl alcohol 
colourless ; with propionic acid and higher homologues the 
colour is entirely in the alcohol. In the latter case the test 
is repeated, substituting ethyl ether for the isoamyl alcohol, 
when the colour is taken up by the ether only with butyric 
and higher adds. These can he distinguished by employing 
benzene as the organic solvent, which becomes coloured only 
with valeric and higher adds. It is to be noted that the 
heavy-metallic salts of butyric acid and its higher homologues 
are predpitated from aqueous solution, while with formic, 
acetic and propionic ad^ they are soluble in water. 

The addition of ferric chloride solution serves roughly to 
distinguish simple acids from aliphatic hydrozy-adds (p. 145) 
Wluk simple adds form dull reddish colorations or predpi- 

* Sodimn or potaMiom, not alkaline earth metal, salts of the acids 
mvat be anplo]iM. 
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tates when treated in aqneons solution with a few drops of 
this reagent, hydroxy-acids, and in particular a-hydro 3 Q^- 
acids, form intensely yellow-coloured solutions on addition of 
a drop of ferric chloride. This last test may also be applied 
in the following manner : to a dilute aqueous solution of 
phenol a few drops of ferric chloride are added. On adding 
a small quantity of the resulting violet-coloured solution to 
a solution of the o-hydroxy-acid in water, the violet colora- 
tion is discharged, a deep yellow tint taking its place. The 
majority of aliphatic hytoxy-adds are extremely soluble in 
water. 

Many aromatic hydroxy-acids (p. 147), in particular 
those in which the hydroxyl group is in the position ortho 
to the carboxyl group, give the violet or bluish colours pro- 
duced by phenolic compounds on treatment with ferric chloride 
solution. 

It has been shown by Reid that many carboxylic acids 
yield esters possessing characteristic melting-points on treat- 
ing their so^um or potassium salts with ^nitrobenzyl bro- 
mide, or with phenacyl bromide (bromoacetophenone) or 
certain halogen derivatives of the latter. A weighed amount 
of the add is dissolved in water or aqueous alcohol and titrated 
with normal alcoholic potassium hydroxide ; the resulting 
solution is evaporated to dryness after adding a trace of add 
to neutralise any excess of alkali. An amount of the dry 
salt corresponding to slightly more than 5 c.c. of normal 
alkali is dissolved in 5 c.c. of water, and 10 c.c. of alcohol 
and 1*0 gram of the reagent are added to the solution, which 
is then boiled under reflux for one to two hours. A dear 
solution usually results on heating; should a sparingly 
soluble {H-oduct separate it is necessary to add more alcohol. 
The mixture is then rajndly chilled, with the addition of 
small amounts of water if no separation of crystals occurs ; 
the {soduct is washed successivdy with dUote alcohol and 
water, and finally recrystallised from dilute al(X>hol until no 
further diange in melting-point occurs on recrystallisatitm. 
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Add anhTdridet (p. 150) are, as a rule, but sparingly 
soluble in cold water, being more or less rapidly hydrolysed 
with formation of the corresponding acids on boiling with 
water or dilute alkali. On warming with aniline or />-toluidine 
they yidd the anilides or /^-toluidides even more readily than 
do the free acids. 

CH,<X) ),0 + C,H,NH, - CHj-CO NH-CJH, + CH.-TOOH 
They may be converted into the esters on boiling with alcohols 
or phenols. 

Esters (pp. 150-160), the majority of which are liquids 
insoluble in water, may be hydrolysed by boiling under 
reflux with aqueous or alcoholic alkali, with concentrated 
hydrochloric acid, or with 40 per cent, sulphuric acid, or, 
better, syrupy phosphoric acid. In many cases in which the 
free add is stable towards concentrated sulphuric add, esters 
may be hydrolysed by warming with this reagent for about 
fifteen minutes to 100® on the water-bath. 

CHjCODCgH, + H,0 « CH,<XX)H + CJH,OH 
Whenever possible, however, it is advisable to perform the 
hydrolysis with an excess of aqueous alkali, continuing the 
heating until all the ester has entered into solution. The 
mixture is then distilled with steam, and the alcohol which 
has passed over with the steam is isolated by fractionation 
of the distillate and salting out the alcohol by the addition 
of solid potassium carbonate. The alcohol may, however, 
also be examined in solution. Alcohols. are of course not 
present in the distillate obtained after hydrolysis of esters 
of most phenols and non-volatile alcohols such as glycols or 
glycerol; in such cases the reaction mixture should be 
saturated with carbon dioxide, whai any phenol present 
may be isolated by distillation with steam or by extraction 
with ether, while polyhydroxylic alcohols can be separated 
only by evaporation to complete dryness on the water-bath 
and extraction of the residue with a mixture of alcohol and 
ether. The alkaline solution containing the salt of the add 

OJt. ® 
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should be acidified with dilute sulphuric add and filtml, 
extracted with ether, or distilled, in order to isolate the free 
add. 

On standing with concentrated aqueous ammonia, many 
esters are converted into amides. 

CHj-CO-OCjH, + NH, = CHj-CONHj + C,H*OH 

Phenols (pp. 120-125 exhibit, as stated above, slightly 
add properties, being almost always soluble in solutions of 
alkali hydroxides, and occasionally in ammonia. The 
resultant alkali salts are, in contradistinction to the salts of 
carboxylic adds, decomposed by an excess of carbon dioxide. 
C^,ONa + CO, + H,0 - C^H.-OH + NaHCO, 

Phenols may be recognised by the violet, blue, or green 
colours which are frequently imparted to their aqueous or 
alcoholic solutions by addition of one or two drops of ferric 
chloride. The permanence of such colorations varies greatly 
with individual phenols—some persisting indefinitely, some 
disappearing only after several minutes, and some changing 
in tint almost immediatdy. Some phenols, also, give color* 
ations in alcoholic solution while giving none in water. It 
is to be observed that similar colorations are produced 
by ferric chloride with certain keto-cnohe substances, such 
as acetoacetic esters. Such compounds also form solutions 
in dilute aqueous alkalies, and may be precipitated therefrom 
by the action of carbon dioxide. They lack, however, that 
stability towards acid and alkaline hydrolytic reagents which 
is characteristic of phenols, and no doubt should exist as to 
their complete difference in class. 

Phenols may be acylated by wanning under reflux with 
acetic anhydride, by the action of acetyl chloride alone or 
in indifferent or basic (e.g. pyridine) solution, or in solution 
in dilute alkali by benzoyl chloride according to the Schotten- 
Baumann meth<^. 

CH,<X)C1 + C,H,OH* CH,<XX)C,H, + HQ 
C,H*<XX^ + C,H,ONa - C^Hj-COOC^H, + NaQ 
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^milar treatment with sulphonic chlorides, particularly 
benzenesulphochloride and ^toluenesulphochloride, leads to 
the formation of sulphonic esters. 

C,H,-SO^ 4- C,H,ONa - 4- NaCl 

With i^enyl isocyanate, carbanilates are fonned. 

C,H. N:CO 4- C,H.OH « C.H, NH-COOC,H, 

All of the above reactions lead in general to the production 
of crystalline derivatives possessing characteristic melting- 
points. 

The majority of phenols are readily brominated on treat- 
ment with bromine water, with immediate formation of poly* 
bromo derivatives, which may be recrystallised from alcohol ; 
they also may often be nitrated or sulphonated, with forma- 
tion of characteristic derivatives. These reactions all take 
place with extreme readiness. 

A sensitive test for phenols in very dilute solution is 
afforded by the development of a red colour on adding alkali 
and a small quantity of a cold solution of />-nitroaniline in 
dilute hydrocWoric add which has been decolorised (diazo- 
tised) by sodium nitrite. The following test is also applicable 
to the detection of small quantities of phenols : to 10 c.c. of 
the phenol solution is added one drop of a 10 per cent, solution 
of sodium nitrite, then 2 to 5 c.c. of concentrated sulphuric 
acid is run under the surface ; a ring, green below and red 
above, forms at the zone of contact. 

Rdd's method for the identification of acids (p. 80) may 
also be applied to phenols, whidi are thus converted into 
characteristic /Hnitrobenzyl ethers: to 25 c.c. of 0-2 N 
alcoholic potassium hydroxide i‘0 gram of the phenol is added 
(a larger quantity b^ taken if it be suspected that the 
molecular, or rather equivalent, weight be above 200), and 
the solution boiled for one hour under reflux with 10 gram 
of the reagent. The product is isolated in the same manner 
as the esters of carboxylic adds. 
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The remaining iyi>es included in this section exhibit no 
add jxoperties towards indicators. 

Alcohols (pp. 113-120) may be acylated by treatment 
with add chlorides or anhydrides, or by heating with adds 
in presence of sulphuric add or hydrogen chloride. The 
lower members of the series, and almost all polyhydroxylic 
alcohols, are readily soluble in water. 

Primary and secondary alcohols, both simple and polyhy- 
droxylic, can be converted into esters by boiling with acetic 
add in presence of sulphuric add or hydrogen chloride, or, 
preferably, by warming with acetic anhydride. They also 
yield benzoates on shaking them in alkaline solution with 
benzoyl chloride. 

On boiling with excess of 48 per cent, hydrobromic add, 
preferably in the presence of sulphuric add, alcohols of almost 
all types yidd aUcyl bromides. 

C,H,OH 4- HBr « Cflfir 4- H*0 

^ple primary, secondary, and tertiary alcohols may be 
differentiated by thdr reactivity towards strong hydrochloric 
add. Primary alcohols as a rule are considerably more soluble 
in this reagent than in pure water but do not enter into 
reaction with it, even on long boiling ; secondary alcohols 
yield the corresponding chlorides, but only on wanning; 
while tertiary alcohols react so readily with concentrated 
hydrochloric add that the chlorides separate in the cold. 
Exception to this rule must be made in the cases of alcohols 
of the benzyl type and of glycols, which are (although primary 
alcohols) converted into thdr chlorides on boili^ with 
concentrated hydrochloric add. The analogous reaction 
takes i^ace rather more readily with hydrobromic add and 
hydriodic add. Addition of zinc chloride markedly promotes 
the esterification of alcohols by hydrochloric add, so that 
by its use primary chlorides may be prepared in good yields. 

Rdd's mdhod of identification (p.8o ) has been extended 
to alcohols, by treating them with j^thalic anhydride and 
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mibmitting the sodium salts of the resulting add phthalic 
esters to the action of ^nitrobenzyl bromide. 



The procedure in this case is somewhat more laborious: 
10 gram of phthalic anhydride and i c.c. of the alcohol are 
sealed up in a small tube with fairly stout walls and not less 
than 10 c.c. capacity, and the tube heated for an hour in a 
boiling water-bath, or in an oil-bath at 140° when the alcohol 
is suspected to be secondary. In cases when the boiling- 
point of the alcohol lies above the reaction temperature, the 
mixture may be heated in a loosely stoppered test-tube 
fitted with a rod for stilting. When the reaction is complete, 
the product is dissolved in about 15 c.c. of ether and the 
solution shaken with 10 c.c. of water to which 5 c.c. of 
normal sodium hydroxide have been added. The liquids are 
then separated ; the ether layer is shaken with a small quantity 
of water, and the united aqueous portion shaken out once 
with a little fresh ether, after which it is evaporated to dryness 
on the water-bath. The residue is treated with ^nitrdbenzyl 
bromide in the same way as the sodium salts of other acids. 
It may be pointed out that by the above procedure all the 
phthalic anhydride is esterified, so that no fear need be 
entertained of encountering the ^nitrobenzyl ester of j^thaiic 
add among the final ]^ucts. 

The simpler alcohols may also be identified by the prepara- 
tion of their 3:5-dinitrobenzoyi esters, which form ciystalline 
solids of definite melting-point.^ 

* The procedure lor the preperatio& of these esters, ecoonhng to 
the methM recommended Mulliken of Pwro Oigeuts 
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Alcohols yield characteristic carhanilates and o-naph- 
thylurethanes on treating them with phenyl isocyanate and 
with a-naphthyl isocyanate. 

Ci^,N:CO + C^*OH = C,*H,NH-COOC,H, 

Primary alcohols as a rule react vigorously, secondary alcohols 
require heating, while tertiary alcohols furnish poor yields or 
none at all. The presence of water, either in the alcohol 
originally or formed in a by-reaction, leads to the simul- 
taneous formation of disutetituted ureas (cf. p. 35) ; these 
are removed by recrystallising the product from light petro- 
leum, in which the above by-products are insoluble. Ana- 
logous derivatives may be prepared by treating alcohols with 
diphenylcarbamyl chloride in the presence of dilute alkali. 

(C.HJjNCOCl + C^,OH -H NaOH « 

(C,H,)^*COOC,H| + Naa + H,0 

The majority of aldehydes (pp. 126-130) and ketones 
(pp. 130-133) may be detected by treatment with a 
concentrated aqueous solution of sodium bisulphite, when a 
crystalline solid often separates out, its formation occasionally 
being accompanied by considerable evolution of heat. This 
precipitate conasts of the sodium salt of an a-hydroxy- 
sulphonic acid, usually termed an 'aldehyde or ketone 
bisulphite compound.’ 

CgHj-CHO + NaHSO, = C,H,-CH(OH)SO,Na 
CH,-CO-CH, + NaHSO, « (CH^,C(OH)SO,Na 

The geno'al behaviour of this class of compound has already 
been discussed on p. 54. It is to be observed, however. 

Compounds (1905), 168). is as follows : a small quantity of 3-5-dinitio- 
benzoic acid is converted into the chloride by gentle wanning with 
ratba more than an equal weight of phosphonis pentachloride. The 
mixture is then aUoiml to cool on a watch-glass, and the solid dinitro- 
bensoyl chloride separated from the adherent phosphorus oxydikside 
by rapidly pressing out on a porous earthenware tile. To prepare 
ester, a very small quantity (o*i to 0*2 gram) of the crude chk^de 
is treated with a slight excess {4 to 8 drops) of the alcohol in a stoppered 
test-tube, and the kmtt aid of the tube immosed in wato* previously 
warmed to a temperature of 75-85*. After the mixture has thus bwn 
warmed for abont tea minut^ it is allowed to cool, aad the resulting 
s(^ ester reayitallised from 60 per cent, alcohol until pure. 
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that the bisulphite compounds of many carbonyl compounds 
of these t)^ are readily soluble in water, and may therefore 
produce no precipitate. An ethereal solution of an aldehyde 
or a ketone will nevertheless lose its solute on treatment with 
a saturated bisulphite solution, whether the resulting sdt 
separates out or not. The tendency of aldehydes and of 
ketones in which the carbonyl group is attached to methyl 
or exists in a ring (as in ^c/ohexanone) to combine with 
bisulphites is so pronounced that they develop free alkali on 
shaking with neutral sodium sulphite solution. 

(CH,),CO + Na,SO, + H,0 - (CH,),C(OH) SO,Na + NaOH 

This can be observed by the formation of a red colour with 
phenolphthalein. On the other hand, ketones in which 
higher alkyl groups are attached to the carbonyl react slowly 
with bisulphite or not at all. 

Aldehydes and ketones containing a methyl group attached 
to the carbonyl readily yield iodoform on treatment with 
iodine and dilute alkali. 

CH,-CH04-6l+4Na0H = CHI,+H.C00Na+3NaI+3H,0 

This reaction is not specific for carbonyl compounds, as it is 
given by ethyl, isopropyl, and other alcohols which on oxida- 
tion yield the above type of aldehyde or ketone. 

Aldehydes and ketones form characteristic derivatives on 
treatment with hydroxylamine or with hydrazines. Oximes 
may be prepared by warming the substance with an excess 
of an aqueous or alcoholic solution of hydroxylamine. 

C.H,CHO + NH,OH - C,H|-CH:NOH + H,0 
C,H,-CX)C^, + NH,OH « (C,HJ,C:NOH + H,0 

The carbonyl compound is dissolved in not less than three 
times its weight of alcohol ; to the hot solution a slight excess 
(i to 1*5 molecular proportions) of solid hydroxylamine 
hydrodiloride is added, followed at once by an excess of 
anhydrous sodium acetate. The mixture is then gently 
warmed, so as to avoid bumping, until a drop of the solution 
gives a clear solution in 0*5 c.c. of 10 per cent, sodium 
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hydroxide, without odour of aldehyde or ketone. The mix- 
ture is then concentrated on the water-bath, cooled, diluted 
with water, and extracted with ether ; or should the oxime 
have separated out as a solid, this may be filtered off and 
recrystallised from alcohol or ligroin. 

Rienylhydrazones of aldehydes and ketones may be 
prepared by warming the substance on the water-bath for 
about two hours in aqueous-alcoholic solution under reflux 
with either pure phenylhydraxine, phenylhydrazine acetate, 
or phenylhydrazine hydrochloride in presence of an excess 
of sodium acetate. 

C^i-CHO + C,H. NH NH, « C,H*-CH:N NH-C,H| + H,0 
The product may be isolated by adding very dilute acetic 
add to the solution and filtering or extracting with ether. 
It may be recrystallised from aqueous alcohol or from ligroin. 

^ce many phenylhydrazones possess inconveniently low 
melting points, it is frequently preferable to employ a sub- 
stituted phenylhydrazine such as ^bromophenyl hydrazine, 
^nitrophenylhydrazme, or 2:4-dinitrophenylhydrazine. The 
first two of the above-mentioned reagents may be employed 
in the same manner as phenylhydrazine ; the derivatives 
obtained by their means are generally less soluble, as well as 
higher-melting, than the unsubstituted phenylhydrazones. 
In the dinitrophenylhydrazine the basic properties of the 
hydrazme group have been so weakened by the presence 
of the nitro groups that the condensation with the carbonyl 
compound can be carried out in add solution : the aldehyde 
or ketone is added to a dilute solution of the reagent in 
2 N hydrochloric acid ; the hydrazone precipitates almost 
immediately and is recrystallised from alcohol. The con- 
densation, which is espedaUy suitable for the detection and 
ideoti^ation of water-soluble compounds of low molecular 
weight, may also be effected in boiling alcohol ; this method, 
however, suffers from the sparing solubility of dinitrophenyl- 
hydraztne in alcohol. 

Semicarbazide is of value in the identification of carbonyl 
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compounds as it frequently furnishes crystalline derivatives 
of compounds which give unsatisfactory results with hydroxyl- 
amine and phenylhydrazine. The general procedure for ^e 
preparation of semicarbazones is similar to that of oximes, 
the carbonyl compound being warmed in alcoholic or aqueous- 
alcoholic solution with a slight excess of semicarbazide 
hydrochloride and sodium acetate. 

+ NH.-NH-CONH, - (CH,),C:N-NH-CONH,+H ,0 
The resulting semicarbazones, which, with the exception of 
a few derivatives of low molecular weight, are sparingly 
soluble in cold water, may be precipitated by the addition 
of water and recrystallised from methyl alcohol. 

Solutions of many aldehydes and ketones develop 
characteristic red colours when treated with sodium nitro- 
prusside and alkali. If, instead of alkali, piperidine be 
employed, blue colours result. On adding a dilute solution 
of «-phenylenediamine hydrochloride to aqueous or alcoholic 
solutions of aldehydes or ketones, a green fluorescence is 
developed. Alkaline solutions of some aldehydes and ketones 
give red colorations on addition of m-^initrobenzene. 
These colour reactions are given only by ketones in which 
at least one methyl or ethyl radicle is attached to the carbonyl 
group. 

The simpler aldehydes and ketones, in extremely dilute 
aqueous solution, yield voluminous precipitates with Nessler*s 
solution. 

Aldehydes (pp. 126-130) may be distinguished from 
ketones by testing with Schifi's reagent.^ On treatment of 
the pure substance with this solution a distinct red colour is 
formed within a time-limit of two minutes. In the case of 
water-soluble aldehydes the pink colour should appear almost 

^ Ftepwed (MulUken, op, eit. 15) by disedving 0*2 gram of rosanil* 
line— or its acetate or hydrochloride (fnchsine)— in 10 c.c. of a cold 
saturated solntion of solphur dioxide in water, and, after alkiwing to 
stand until the pink colour is entirely dischar^, diluting to 100 c.c. 
This solution should be preserved away from Ught in a w^-stoppered 
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instantly. The solution should never be wanned or treated 
with alkaline reagents, as both of these agencies restore 
the pink colour in the absence of any aldehyde. The pre- 
sence of mineral adds— even too great an excess of the 
sulj^urous add— 4 s to be avoided, as this tends to diminis h 
the susceptibility of the reagent to aldehydes. Since many 
compound may contain traces of substances which restore 
the colour of the fuchsine, the appearance of a pink tint 
after the expiration of the time-limit is to be disregarded. 
Yellow to red colours are developed by aldehydes with 
benzidine in gladal acetic add solution. 

Aldehydes may be oxidised by nitric acid and other 
oxidising agents with formation of the corresponding carboxy- 
lic adds. 

CH,-CH:0 + O = CHjCOOH 

They reduce Fehling’s solution on wanning and precipitate 
metallic silver in the amorphous condition or in the form of 
a mirror on warming with a solution of silver nitrate in a 
mixture of caustic soda and strong ammonia. 

On warming with concentrated potash solution, aliphatic 
aldehydes yield aldehyde-resins with powerful odours, 
while aromatic aldehydes are converted into a mixture of 
the corresponding add and alcohol. 

2C,H,CH0 + KOH = C,H,<XX)K + C,H,CH,OH 
Aromatic aldehydes react with bromine in carbon tetra- 
chloride or chloroform solution to form acid bromides: 

C,H,CHO + Brg - Cfi^^CO•BT -h HBr 
while in aliphatic aldehydes the hydrogen atoms in the 
alkyl radicle are substituted by bromine with formation of 
somewhat unstable bromo compounds. 

Aromatic aldehydes, on wanning with primary amines, 
yidd condensation-products by elimination of water (d. 
P- 41). 

C,H,*CHO + - C^,CH:N-C,H, -|- H,0 

Formaldehyde differs from other aliphatic aldehydes in 
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some of its reactions. Thus on heating with concentrated 
alkali it yields methyl alcohol and a formate {but no aldehyde 
r^in), while with dilute ammonia it forms neutral hexa- 
methylenetetramine. Its oxime and phenylhydrazone are 
difficult to isolate, owing to their tendency to polymerise. 

Paraldehydes and acetals (p. 126) behave like ethers 
towards alkalies, but are much more susceptible to the action 
of acids. Both types yield aldehydes on boiling with dilute 
mineral acids, the latter giving rise simultaneously to alcohols. 

CHjCH 0 CHCH, « 3CH,CH0 

O CH{CH,) • 0 

CH,CH(OC,H»), + H,0 = CH,CHO + 2C,H»OH 
They are not attacked by Fehling's solution nor by metallic 
sodium. 

Ketones (pp. 130-133) are far less susceptible than 
aldehydes to the action of oxidising agents. They do not 
reduce Fehling's solution nor ammoniacal silver nitrate, and 
do not restore the colour to Schiff’s reagent. Aliphatic and 
aliphatic-aromatic ketones may, however, be oxidised by 
boiling with chromic acid mixture, with formation of carboxy- 
lic acids. 

C,H,<X) CH, 4- 4O = C,H, COOH -h CO, + H,0 

Aliphatic and aliphatic-aromatic ketones, on treatment 
with an equivalent quantity of bromine, are very readily 
brominated with substitution of bromine in the aliphatic 
group adjacent to the carbonyl. 

C,H, CO CH, 4- Br, := C,H,<»-CH,Br 4* HBr 

Glucosides (p. 165) and carbohydrates (p. 161), while 
properly belonging to the classes of alcohok, aldehydes, Or 
ketones, may be discussed independently, inasmuch as they 
possess many properties peculiar to themselves. They may 
be detected by MoUsch's reaction— which is stated^ to be 
so delicate that it is given by substances other than carbo- 
^ Mollikea, op. cU., sO. 
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hydrates when contaminated by dust or by fibres from the 
filter paper : to a small portion (about o 005 gram) of the 
substance in i c.c. of water, 2 drops of a 10 per cent, solution 
of chnaphthol in chloroform are added. On carefully adding 
I C.C. of concentrated sulphuric add from a finely-pointed 
pipette so that it forms a separate layer below the water, a 
violet ring will be formed at the junction of the layers. On 
cautiously mixing the layers by shaking the test-tube in a 
stream of cold water, a deep purple solution results, which on 
dilution with cold water yields a violet predpitate. On 
shaking and adding a small quantity of the suspension to 
an excess of concentrated ammonia the colour is changed 
to dull brown. 

On strongly heating alone, glucosides and carbohydrates, 
in common with some aliphatic hydroxy-acids, yield the 
pungent odour attributed to ‘burnt sugar.’ 

Glucosides may be distinguished from most carbohydrates 
by thdr failure to reduce Fehling's solution or react with 
phenylhydrazine until they have been boiled with dilute 
mineral acid, which splits them up into a sugar and an alcohol, 
phenol, etc, 

ch,ogh (choh),<:h-chohgh,oh 4- h,o - 

I — -O — 1 

CH,OH + CHO(CHOH),'CH,OH 
This inability to react with Fehling’s solution before hydro- 
lysis is also characteristic of the disaccharide sucrose (cane 
sugar), which is in fact a true glucoside. 

Most of the complex natural glucosides yield intense 
colours on treatment with cold concentrated sulj^uric add. 

Carbohydrates (pp. 161-165) may be roughly subdivided 
into : (1) monosaccharides (pentoses and hexoses) ; (2) di- and 
tri-saccharides (such as saccharose, maltose, ramose) ; (3) 
polysaccharides (such as starch, glycogen, inulln). Ccilulosc 
may also be induded in the third division. All carbdiydrates, 
on treatmoit with cold concentrated suli^uric add, give 
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only colorations varying between yellow, brown, and black, 
no members of this class giving red or purple colours. 


Monosaccharides are mostly colourless crystalline solids, 
all readily soluble in water, yielding optically active solutions. 
The specific rotations of the sugars are important physical 
characteristics, and should in all cases be determined. 

Monosaccharides are unchanged on boiling with dilute 
mineral acids, but decomposed with formation of indefinite 
products on warming with concentrated alkali. They are 
readily oxidised : by boiling with Fehling's solution, yielding 
a red precipitate of cuprous oxide ; by boiling with Nylandris 
solution,^ with formation of a black precipitate ; or by warm- 
ing with a solution of silver nitrate in a mixture of concentrated 
ammonia and caustic soda solution, with precipitation of 
metallic silver in the amorphous condition or in the form of 
a mirror. 

Many monosaccharides, on treatment with phenyl- 
hydrazine acetate in aqueous solution at loo*^, react with 
formation of osazones. 

CH,0H(CH0H)4-CH0 + C.H.NHNH, = 

CH,OH(CHOH)4-CH:N-NH-CgH, + H,0 
CH,OH (CHOH),<X)-CH,OH + « 

CH,OH(CHOH),-C(CH*OH):NNHC,H, + H.O 
CH.OH (CHOH),CHOH-CH:N NH-C,HJ , ^ nh 
orCH,OH(CHOH),C(CH,OH):N-NH-C,H,l + 

- CH,OH (CHOH),C(:N NHC,H»)*CH:N-NH-C.H, + 

+ NH, + H ,0 


The phenylhydrazones formed as intermediate products are, 
except in the one instance of the hexose mannose, extremely 
soluble in water, and readily reduce a further molecule of 
phenylhydrazine, thus paving the way for the fonnation'of 
an osazone. The yield of osazone varies greatly with the 
concentration of the reacting substances; the maximum 
yield of glucosazone is obtained when a mixture of i-8 gram 
of glucose, 3*24 gram of phenythydrazine, and 5 c.c. of acetic 


^ A aolutioii of 2 grams of basic bismuth nitrate and 4 grams of 
Rochrile nit in too c.c. of 10 per cent, sodinm hydroxide solution. 
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add is diluted to 25 c.c. On increasing the dilution the 
yield falls rapidly. 

Maquenne has pointed out that each individual mono- 
saccharide has its own time-interval through which it must 
be heated before the yellow osazone makes its appearance. 
In order to utilise this discovery it is necessary to conduct 
the reaction under standard conditions. Maquenne's pro- 
cedure is therefore here set forth in detail : a solution of 
I gram of the sugar in 100 c.c. of water is heated to 100° in a 
loosdy corked flask suspended in a beaker containing boiling 
water, whereupon 5 c.c. of a solution ^ of phenylhydrazine 
acetate is added. The time at which a precipitate or tur- 
bidity first makes its appearance is carefully noted. Heating 
should be ccmtinued for at least one hour, the mixture cooled, 
and the osazone filtered ofi and recrystallised from a small 
quantity of 50 per cent, alcohol. Unfortunately the melting 
points of the osazones of the commoner sugars not only lie 
in the same region (around 200®), but they are apt to vary 
with the rate of heating, so that they are of little value in 
characterisation. The form in which the crystals separate 
initially, as they appear when viewed through the microscope, 
is of more aid in identification. 

In contradistinction to jAenylhydrazine, which furnishes 
osazones, substituted hydrazines of higher ifaolecular weight 
such as diphenylhydrazine, benzylphenylhydrazine, and 
^naphthylhydrazine, yield sparingly soluble hydrazones on 
warming with sugars in aqueous-^coholic solution. Such 
derivatives are more satisfactory than the phenylosazones 
for the identification of sugars, as they possess sharper melting 
points which differ considerably with different sugars. Benzyl- 
jflienylhydrazones may be prepared by mixing 3 grams of the 
sugar in 5 c.c. of water with 4 grams of benzylphenylhydrazine 

* Prq>ared by diluting with water to 100 c.c. a mixture of 40 grams 
of i^ienylhydiazine and 40 grams of glacial acetic acid. This 
caution should be preserved away from light in a tightly-stoppered 
bottle of just sufficient capacity. 
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in 20 c.c. of alcohol, wanning on the water-bath, adding water 
until a turbidity just appears, and allowing the mixture to 
stand, when the benzylphenylhydrazone separates in crystal- 
line condition. This reaction is of especial value for the 
identification of pentoses. Analogous derivatives may be 
obtained with the other hydrazines above mentioned by a 
similar procedure. 

Methylphenylhydrazine is also of value inasmuch as it 
yields both hydrazones and osazones ; in particular, it reacts 
more readily and gives a better yield of hydrazone with 
ketoses than with aldoses. 

Ketoses may be distinguished by their resistance to the 
action of bromine water, their reducing power (towards 
Fehling’s solution) being unaltered by treatment with this 
reagent. Aldoses, on the other hand, readily decolorise 
bromine water, the resulting solution possessing a greatly 
diminished reducing power or none at all. 

Pentoses give several specific reactions by means of which 
they may be distinguished from the hexoses. On distillation 
with 12 per cent, hydrochloric acid they yield furfural, which 
possesses a characteristic odour and develops a red colour 
with aniline acetate paper. On warming with i8 per cent, 
hydrochloric acid ^d a small quantity of phlorogludnol a 
purple colour is formed ; while addition of a pentose to a 
boiling solution of orcinol in i8 per cent, hydrochloric add 
containihg a little ferric chloride causes the formation of a 
green colour. 

Hexoses give a red colour on warming with resorcinol in 
hydrochloric acid ; this test takes place more rapidly with 
ketohexoses than with aldohexoses. They may also be dis- 
tinguished by Fenton’s test : a small sample is moistened 
wii water and warmed on the water-bath with one or two 
drops of phosphorus tribromide until the mixture begins to 
darken, whereupon it is cooled and mixed with a little alcohol 
and a few drops of ethyl malonate ; on adding an exce^ of 
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akoholic potash and finally diluting ^th water a blue fliu>r- 
esc^ce appears. 

A spe^c reaction for hexoses is the formation of levulinic 
add. The sugar is heated on the water-bath for 15 to 20 
hours with 4 to 5 parts of constant-boiling (20 per cent.) 
hydrochloric add under reflux ; the mixture is cooled, filtered, 
and repeatedly shaken out with ether. After distilling off 
the ether the residue is tested for levulinic add by gently 
warming it with a solution of iodine in dilute sodium carbonate 
(iodoform test) ; or if a suf&dent quantity is available it 
may be isolated as the crystalline zinc salt by warming it 
in concentrated aqueous solution with zinc oxide, filtering 
hot, and allowing to crystallise. This salt may be dissolved 
in water and converted into the sparingly soluble silver salt, 
and the percentage of silver determine by ignition (d. p. 
315). Or the levulinic add may be identified as its phenyl- 
hydrazone (p. 150). 

Different hexoses may be distinguished by the formation 
of saccharic add or of mudc add on oxidation with nitric 
add : a 2-gram sample of the sugar is treated with S-Z2 
gram of 25 per cent, nitric add (sp. gr. 115) and the add 
evaporated by heating on the water-bath until the syrupy 
residue b^;ins to assume a brown colour. Water amounting 
to rather less in volume than the add employed is then added. 
If a predpitate appear on thus diluting, it will in all probaHlity 
consist of mudc add, which, after cooling, should be filtered 
off and purified by dissolving in dilute alkali and repredpitat- 
ing by the addition of a slight excess of mineral add. The 
filtrate from the mudc add, or the dear solution if no pre- 
dpitate has appeared, is then ejmctly neutralised in the warm 
by the cautious addition of potassium carbonate, and the 
resulting dark-coloured solution again addified with acetic 
add and evaporated to a ^rrup. After the further addition 
of a few drops of acetic add and cooling, add potassium 
saccharate separates out in those cases where sacdiaric add 
is formed. This should be dried on a porous tile and recrys- 
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taUised from a small quantity of water in order to remove 
any oxalic acid. The silver salt, which may be prepared 
by neutralising the acid salt with ammonia, boiling to remove 
any excess, adding silver nitrate solution, and filtering ofi 
and drying the precipitate at no®, should be ignited (see 
p. 315) in order to determine the equivalent of the acid. 

Di- and Tri-saccharides behave like glucosides in that 
when warmed with dilute mineral adds they are hydrolysed 
with formation of monosaccharides. They vary, however, in 
their stability towards oxidising agents and phenylhydrazine. 
Thus, sucrose does not reduce Fehling's solution on 
boiling, and forms no compound when warmed with aqueous 
phenylhydrazine acetate ; maltose and lactose, on the other 
hand, resemble the monosaccharides in their behaviour 
towards both of these reagents ; with the difference, however, 
that the osazones formed do not se{»u*ate from solution until 
the reaction mixture is allowed to cool. Di- and tri-saccharides 
resemble the monosaccharides in their ready solubility in 
water. 

Polysaccharides are far less soluble in cold water than the 
sugars, but solutions of some of them can be obtained on 
boiling with water. Such solutions are, however, never 
entirely clear. On hydrolysis by boiling with dilute mineral 
adds they yield monosaccharides. They do not react with 
Fehling’s solution nor with phenylhydrazine. On treatment 
with a cold solution of iodine in aqueous potassium iodide 
characteristic colours are produced, which are discharged on 
heating but reappear on cooling. Cellulose, on prolonged 
warming with concentrated hydrochloric add, may be 
partially or ^tirely hydrolysed, with formation of dextrose. 
It is, however, insoluble in pure water, and develops no colour 
with iodine solution. Much information as to the nature and 
source of the cellulose is afforded by microscopical examina- 
tion of the fibres. 



CHAPTER III 

SEPARATION OF MIXTURES OF ORGANIC COMPOUNDS 

When it is required to identify the constituents of a mix- 
ture of organic substances, it will in all cases be necessary 
to separate each component from the mixture and to isolate 
it in a pure state bdore ixoceeding with the examination. 
To identify the constituents of a mixture without separating 
them is at best an extremely difficult, and in most cases an 
almost impracticable, feat. 

Owing to the great number of possibilities, no definite rule 
for procedure can be laid down ; but in the fiist instance it 
is advisable to ascertain what elements are {xesent, whether 
an add or an alkaline reaction is given, and whether any 
residue remains after ignition. 

^ould the mixture appear to contain some volatile liquid, 
it may be heated on the water-bath in a distilling flask 
attached to a condenser until no more of the liquid passes 
over. The distillate should be redistilled, employing a 
thermometer, in order to ascertain whether it is homo- 
geneous. Should this not be the case, it must be further 
investigated with a view to separation chemical methods. 
Fractional distillation in the ordinary way is generally not 
well adapted to the separation of mixtures available in only 
gmall amounts. 

The residue in the flask may then be treated with an 
excess of dry ether, any insolulfle portion being filtered off 
and washed with the same solvent, the washings bang added 
to the filtrate. By this means the majority of salts, carbohy- 
drates and other polyhydrox3dic compounds, suljffi^ ad^, 
96 
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and similar substances insoluble in ether, may be separated 
from the main portion. Such a residue is to be examined 
independently, extraction with cold meth^ alcohoL being 
carried out as a preliminary step towards further separation. 

Should the mixture have be^ found to contain nitrogen 
the ethereal solution is shaken in a separating-funnd with 
dilute sulphuric add. In the absence of nitrogen this opoa- 
tion may be omitted. By this means basic substances are 
removed from the mixture on separating the aqueous and 
ethereal layers. The bases may he recovered by rendering 
the aqueous solution alkaline and again extracting with 
ether. 

The ethereal solution after this treatment diould be 
washed with a small quantity of water— the washings being 
discarded— and shaken with dilute caustic soda solution. 
This has the effect of removing all compounds of an addic 
character. The treatment of the aqueous portion will be 
discussed below. 

The ether now contains only neutral substances. From 
these any aldehydic and many ketonic compounds can be 
removed by shaking with a concentrated solution of sodium 
bisulphite. The aldehydes and ketones can be recovered 
from the resulting predpitate or aqueous solution by addifi- 
cation with dilute sulphuric add followed by distination, 
extraction, or filtration. 

The alkaline solution containing the addic substances 
should be saturated with carbon dioxide and extracted with 
ether. By this procedure all phenolic compounds which 
contain no carboxyl or nitro groups, oximes, and similar weak 
adds are liberated and pass into the ether. On adding dilute 
sulphuric acid until evolution of carbon dioxide ceases, car- 
boxylic adds and nitzoi^enQls are liberated, and can be 
isolated by extraction, filtration, or distillation. 

At this stage all ethereal solutions should be evaporated, 
the ether— If only for the sake' of safety from conflagrations— 
being effidaatly condensed and thus recov^. All reddues 
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should be tested afre^ for constituent elements, and tests 
for homogeneity applied. 

The results of the above operations are briefly summarised 
in the following scheme 

Mixture. 

I 

Distilled on water-bath 




NoH-VolaiiU. 
Treated with ether 


Insoluble in ether, 

(II) 


Volaiile, 

(I) 


Soluble tn ether. 
Treated with dilute H,SO< 


Neutral or acidic. Bask. 

Treated with dilute NaOH (III) 


Neutral. 

Treated with NaHSO, 


Acidk. 

Treated with C0| 


Aldehydes Neutral. Phenols. Acids 

and (V) (VI) and 

Ketones. Nitrophenols 

(IV) (VII) 

The various fractions, denominated I, II, &c., may contain 
the following types of compound : — 


I. Hydrocarbons, ethers, alcohols, ketones, esters, aliphatic 

halogen compoim^; and conceivably aldehydes, 
acet^, nitriles, alif^tic amines, mercaptans, sul* 
phides, and alkyl nitrates and nitrites whose boiling- 
points lie below loo^ 

II. Metallic salts, salts of organic bases with mineral adds, 

carbohydrates and other polyhydroxylic compounds, 
amino adds, sulphonic add^ of all types. 

III. Ali^tic and aromatic primary, s^xmdary, and 

tertiary amino compounds ; posdbly wm amides. 
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IV. Aldehydic and ketonic compounds, containing no 

groups which would have placed them in another 
fraction. 

V. Hydrocarbons, ethers, alcohols, higher ketones, esters, 

and aliphatic or aromatic halogen compounds, not 
included in other fractions. Also nitnles; nitro- 
hydrocarbons, -ethers, -alcohok ; simple azoxy, azo 
hydrazo compounds ; sulphides, disulphides, sulph- 
oxides, sulphones, sulphonamides and a few non- 
reactive anhydrides, ketones, and esters of mineral 
acids. 

VI. Simple and substituted phenok, keto-enolic substances, 
mercaptans, some thioamides. 

VII. CarboxyUc acids; nitrophenok in which the nitro 
groups are present in either ortho or para position. 

Any obvious decompositions produced by the action of 
water on the mixture, such as in the case of acid halides, 
will have been observed in the preliminary investigation 
of the mixture. Much information as to the nature of 
the constituents may be obtained by the mere performance 
of the above separations. 

Steam dktillation from acid and from alkaline solutions, 
while constituting an excellent means of separation in place 
of extraction with ether, has not been recommended in the 
above scheme on account of the fact that many substances, 
such as esters or amides, are decomposed by hot add or 
alkaline aqueous solutions, but preserve their identity when 
treated in ethereal solution with these reagents in the cold. 

For the further separation of the individual substances 
contained in the different fractions no definite scheme can 
be drawn up, but a few general suggestions may be offered. 

Separation can in many cases be effected by treatment 
of the fraction with different liquids which exert selective 
solvent effects. Water, ethyl alcohol, ligroin, benzene 
acetone, chloroform, or gladal or dilute acetic add may be 
emplo}^ for this purpose. Tlus method may also be applied 
by dissolving the mixture in one solvent and predpitating 
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mt of the components by the addition of anoth^ liquid in 
iduch it is insoluble. 

Distillation with steam, when feasible, occasionally serves 
for the separation of substances— even of isomers— of diffmng 
volatility. Neutral, basic, and acidic substances which vola* 
tiHse with steam may be separated very cleanly by alter- 
nate distillati<m from add and alkaline solutions. This 
method should however be applied with caution, owing to 
possil^ties of hydrolysis. 

l^nally, fractional crystallisation and fractional distillation 
under atmospheric or reduced pressure may be employed 
when all other methods have failed. Both of these operations 
are, however, often extremely tedious, and should be regarded 
only as a last resort. The criterion of purity in the case of 
fractional distillation is the isolation of a fraction of constant 
boiling-point, while solid substances must be recrystallised 
until no rise in mdting-point is observable on fiurther re- 
crystallisation of any fraction. 

For the ultimate identihcation of solids it is frequently 
of great value to prepare an intimate mixture of small 
quantities of the substance under examination and of a 
^)6cimen from another source of the compound with which 
it is suspected to be identical. Should such a mixture melt 
at the same temperature as its components, except in a 
comparatively small number of cases, such as for example 
some d- and 1- forms of optically active compounds, or 
uiiere the compound decomposes at or slightly above its 
melting point, ^ere is every likelihood that the two com- 
pounds are identical. 



CHAPTER IV 


CLASSIHED TABLES OF THE COMMONER ORGANIC 
COMPOUNDS 

In the following tabks compounds are classified according 
to the radicles present in them, the individuals of each class 
being arranged, so far as is conveni^t, in progressive order 
of boiling-points in the case of liquids, and melting-points 
in the case of solids. It will be not^ that the order in which 
the various classes appear is dependent upon the elements 
present, and that, as a general rule, these dasses are further 
arranged in increasing order of oxygenation. 

Thus hydrocarbons appear at the outset, followed by 
ethers, alcohols, phenols, aldehydes, ketones, and carboxylic 
adds. The lists of compounds in which only carbon and 
hydrogen can be detected are followed by those of organic 
halogen compounds, then by derivatives of nitrogen, succeeded 
by organic compounds containing sulphur. 

At the conclusion of the tables will be found a brief account 
of the general methods of qualitative examination of alkaloids, 
together with a list of the common alkaloids in which the 
general properties and reactions of each are detailed. In 
addition to this, an abridgment of Rota’s scheme for the 
investigation of dyes is appended. Owing to the com* 
plicated nature of this class of substances, as well as to the 
paucity of typical reactions which are not at once evident 
from ^e formulae of the majority of dyes, no detailed list 
of dyes is given. 
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The following abreviations are employed throughout 
the tables 


B.P. 

Boiling-point. 

tert,- 

Tertiary. 

M.P. 

Meltix^-pomt. 

0- 

Ortho. 

Subl. 

SuUimes. 

m- 

Meta. 

d. 

Afler a figuri : Boils 

P- 

Para. 


or melte with decom- 

s. 

Symmetrical. 


position at the speci- 

05 . 

Asymmetrical. 


fied temperature. 

d- 

Dwtro-. 


Before a figure : De- 

/- 

Levo-. 


composes at or near 

d/- 

Racemic. 


the specified tem- 

Soln. 

Solution. 


perature. 

ppte. 

Precipitate. 

D. 

Specific gravity of 

Sol. 

Soluble. 


liquid at sp«fified 

Inso). 

Insoluble. 


temperature, refer- 

Deriv. 

Derivative. 

W‘d 

red to water at 4®. 

Compd 

Compound. 

Specific rotation for 

Cone. 

Concentrated. 


sodium D light at 

Dil. 

Dilute. 


temperature t®. 

Mol., 

Molecular 

«- 

Non^. 


proportion. 

sec.~ 

Secondary. 

Ale. 

Alcohol. 


HYDROCARBONS 

LIQUID 

21** iwPropylethylene (CHg),CHCH;CH, 

D. 0-648 (o®). Unsaturated. Dibromide decomposes 
on boiling under atm. press. ; B.P. 65® /lo mm. or 
75®/2o mm. Insol. in 75-80% HjSO* at o®. 

30® iwPentane 

D. 0-639 (o®). 

36® n-Pentane CH,(CH,),CH, 

D. 0-647 (0®). 

38® Trimcthylethylene (Amylcnc) (CH,),C:CH-CH, 

D. 0-678 (o®). Unsaturated. Dibromide M.P. 7®; 
B.P. i73®d., 59 */lo mm., 65®/i6 mm. Sol. in 73-80% 
H,S04 at 0® ; soln yields /!^.-amyl ale. B.P. 102® on 
dilution and distillation. Technical *Amylene* is 
usually a mixture bdling b e t w e en 23® and 40*. 

68® w-Hexanc CH,(CH0.CH, 

D. 0*668 (II®). 
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80® cycfoHexane CH,-CH,*CH, 

I I 

CH,CH,*CH, 

M.P. 4®. D. 0790 (20®). Unattacked by cold fum- 
ing HNO,; on boiling, adipic acid M.P. 149® is 
fonned. 

80® Benzene C,H, 

M.P. 5®. D. 0 874 (20®). On nitration yields nitro- 
benzene B.P. 209® and w-dinitrobenzene M.P. 90®. 
On bromination yields bromobenzene B.P. 157® and 
/>-dibromobenzene M.P. 89®. With C 1 S 0 ,H yields 
benzenesulphbnyl chloride M.P. 14®, B.P. 25i®d. and 
diphenyl sulphone M.P. 128®. Sulphonated slowly on 
boiling with cone. HjSO^. Picrate M.P. 84®. 

83® cyc/oHexene CH:CH— CH, 

! I 

CH,CH,CH, 

D. 0-809 (0®). Unsaturated. On oxidation by HNO, 
yields adipic add M.P. 149®. Dibromide B.P. ioi®/i3 
mm., ii 6®/29 mm. Dichloride B.P. 188®. 
no® Toluene* C,H,*CH, 

D. 0*871 (13®). On oxidation yields benzoic add M.P. 
121®. 2:4-Dinitix) deriv. M.P. 70®, 2:4:6-Trinitro 
deriv. M.P. 82®. Sulphonated rapidly on warming 
with cone. HgSOi. p-Sulphonyl chloride M.P. 69®. 
p-Sulphonamide M.P. 137®. 

136® Ethylbenzene 

D. 0*876 (10®), On oxidation yields benzoic add 
M.P. 121®. Readily sulphonated on warming with 
cone. H^S04. With Br * (2 mols.) at 130® yields styrene 
dibronude M.P. 73®. 2:4:6-Trinitro deriv. M.P. 37®. 
^Sulphochloride M.P. 12®. /»-Sulphonamide M.P. 
109®. 

137“ ^Xylene (1:4) 

M.P. 15®. D. 0-8^ (14®). On oxidation yields 
terepht^c add (f.u.). Very slowly sulphonat^ by 
warm cone. H,S04. With Br, (2 mols.) at 130® yields 
/►-xylylene bromide M.P. 144®. With fuming HNO, 
ato® yields 2-nitro deriv. B.P. 239®. On warmingwith 
cone. HKO|in cone. H1SO4 yields 2:3:6-tiinitro deriv. 
M.P. 137®. Sulphochkmde M.P. 24®. Snlphonamide 
M.P. 147®. 

139® m-Xylene C4H4(CH*)* (1:3) 

P. 0*878 (4®). On oxidation yields isophthalic add 
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BJP. 

{q.v,). Very readily sulphonated by cold cone. H (804. 
With Br, (2 mols.) at 130® yields m-xylylene bromide 
M.P. 76®. With cone. HNO, in cone. at o® 

yields 2:4-dimtro deriv. M.P. 83® ; on vrarming yields 
2:4:6-trinitro deriv. M.P. 182®. Snlphochloride is an 
oil. Sulphonamide M.P. 137®. 

142® o-Xylene C,H4{CH,), (1:2) 

D. 0*890 (4®). On oxidation yields phthalic add 
M.P. 195®. Very readily sulphonated by cold cone. 
HjSOi. With Br, {2 mols.) at 130® yields o-xylylene 
bromide M.P. 93®. Dinitro deriv. MP. 71®. Trinitro 
deriv. M.P. 1 78®. Sulphochloride M.P. 5 1 ®. Sulphon* 
amide M.P. 144®. 

146® Styrene C4Hj‘CH:CH, 

D. 0*925 (o®). Unsaturated. Polymerises with a 
drop of cone. HtSO, to glassy mass. On oxidation 
by add KMnO, yields benzaldehyde B.P. 179® ; by 
alkaline KMnO, or chromic add 3delds benzoic add 
M.P. 121®. Dibromide M.P. 73®. 

152® Cumene CtH,*CH(CH,), 

D. 0*875 (4®}. On oxidation yields benzoic add, 
M.P. 12 1®. Readily sulphonated. 2;4:6-Trinitro 
deriv. M.P. 109®. Sulphonamide M.P. 107®. 

155® Pinene 

D. 0*858 (20®). Unsaturated. Optically active ; d. 
or /. Dibromide M.P. 164®. HydrocUoride M.P. 
I25^ 

158® Propylbenzene CtHg-CHiCHg-CH, 

D. o*86x (21®). On oxidation yields benzoic add 
M.P. 121®. p-Bromo deriv. B.P. 220®. 

164® Mesitylene C4H,(CH,), (1:3:5) 

D. 0*877 (4“)- 0*1 oxidation yields trimesic add 
(M.P. dbont 300®, subl. 200® ; methyl ester M.P. 143® ; 
ethyl ester M.P. 133®). Very readily sulphonat^ ; 
sulphonic add (crysts. from sulphoimtion mixture) 
regenerates mesitylene on boiling with cone. HQ. 
On wanning with 25% HNO, yields nitro deriv. 
M,P. 41®, B.P. 255®. With fuming HNO, in the 
cold yields dinitro deriv. M.P. 86®. Wi^ cone. 
HNO, in cone. HgSO, in the cold yields trinitro deriv. 
M.P. 230®. Sulphochloride M.P. 57®. Sulphonamide 
M.P. 141®. 

168® Pseodocumene C,H,(CHa), (2:2:4) 

D. 0*889 (4®). R^i^y sulphonated on warming with 
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an equal vol of cone. H1SO4 ; sulphonic acid cry- 
stalli^ on slightly diluting. With fuming HNO, at 
o® yields 5-nitro deriv. M.P. 71®. On warming with 
cone. HNO, in cone. HiSO, yields 3:5:6-trinitro deriv. 
M.P. 185®. Sulphochloride M.P. 61®. Sulphon- 
amide M.P. 181®. 

175® Cymene CH,’'C,H4*CH(CH,), (1:4) 

D. 0*872 (o®). Sulphonat^ slowly by warm cone. 
HiSO,. On oxidation yields terephth^c acid [q.v.), 
Oxidi^ by cone. HNO, to />-tolyl methyl ketone B.P. 
224®. Nitration satisfactory only below 15® ; 2-nitro 
deriv. B.P. 264®. Bromination in presence of Fe in 
cold yields 2-bromo deriv. B.P. 234®. Sulphonamide 
M.P. 115®. 

176® Limonene Cx,H|, 

D. 0*846 (20®). Unsaturated. Optically active, [o]d 
= -f 107® or — 105®. Tetrabromide M.P. 104®. 
Dihydrochloride M.P. 50®. 

176® Sylvestrene 

D. 0*851 (16®). Unsaturated. Optically active, [qJd 
= 4 - 66®. Tetrabromide M.P. 135®. Dihydro- 
chloride M.P. 72®. 

181® Dipentene C|,Hi4 

D. 0*850 (15®). Optically inactive. Unsaturated. 
Tetrabromide M.P. 124®. Dihydrochloride M.P. 50®. 

182® Indene 

c,H4<^ch 

M.P.— 2®. D. 0*997 (15®). Gradually polymerises on 
heating. Yields Na deriv. on heating to 140® witii 
sodium. Oxidised by HNO, to phthalic acid M.P. 
195®. With ale. KOH and benzaldehyde in cold 
yields a product M.P. 135®. Picrate M.P. 98® (v. 
explosive). 

192® Decahydronaphthalene CH,*CH,*CH*CH,*CH, 

1 i I 

CH,*CH,-CH-CH,*CH, 

D. 0*894 (*o®)* No rise in temp, with cone. H,S04 -|- 
HNO,. On boiling with 33% HNO, yields a nitro 
deriv. (insol. in ale. KO^ B.P. 96® /2 mm. and a 
dinitxp deriv. M.P. 164® d. The moncmitro deriv. 
with Zn dust + acetic acid yields an amine B.P. 
98®/15 mm. (benzoyl deriv. M.P. 148®). 
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Tetrahydronaphthalene 


XH.CH, 

c.h/ I 


D. 0*971 (20^). On oxidation yields phthalic acid 
M.P. 195®. With (2 mols.) bromine at 100® yields a 
dibromo deriv. M.P. 70®, which with ale. KOH yields 
naphthalene M.P. 80®. On nitration at o® with (i mol.) 
HNO, in cone. H,S04 yields mixture of i-nitro deriv. 
M.P. 34®, B.P. i57®/i3 mm. and 2-nitro deriv. M.P. 
31®, B.P. i69®/i 3 mm. 
a>Methylnaphthalene Ci4Ht*CHt (i) 

D. 1*00 (19®). On oxidation by long boiling with dil. 
HNO, yid^ a-naphthoic add M.P. 160®. Nitro 
deriv. B.P. i94®/27 mm. Picrate M.P. 141®. 


^-Xylene B.P. 137®. See Hydrocarbons (Liquid) 
Diphenylmethane (C,H ,) ,CH , 

B.P. 261®. Faint orange-like odour. Oxidised by 
chromic add to benzophenone M.P. 48®. Nitration 
with cone. HNO, -f H,S04 yields tetranitro deriv. 
M.P. 172®. 

^Methylnaphthalene C,»Ht*CH, (2) 

B.P, 240®. Oxidised cone. HNO, to jS-naphthoic 
add M.P. 182®. Nitro deriv. M.P. 81®. Picrate 
M.P. 115®. 

/•Camphene Ci,Hi, 

B.P, 160®. Unsaturated. Optically active. Di- 
bromide M.P. 89®. Hydrochloride M.P. 149®. 
Dibenzyl {C,H,*CH,), 

B.P. 284®. Easily oxidised to benzoic acid M.P. 121®. 
On boiling with KCIO, in HCl ywlds stilbene M.P. 
125®. With cold fuming HNO, yields dinitro deriv. 
M.P. 180®. 

Diphenyl (C4H,), 

B.P. 254®. Oddised by chromic add in g^adal acetic 
add to benzoic add M.P. 121®, With bromine in 
presence of Fe yields ^^ibromo deriv. M.P. 169®. 
On warming with fuming HNO, yields />^-dimtro 
deriv. M.P. 233®. 

Naphthalene Ci,H, 

B.P. 2|8®. Characteristic odour. Green colour de< 
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veloped on adding dry AlCl, to soln in CHCl,. Oxi- 
dised to phthalic acid M.P. 195®. Picrate M.P. 149®. 
With fn-dinitrobcnzene in C,H, (not ale.) forms a 
compd M.P. 52®. Compd with 2:4-dinitrochloroben- 
zene M.P. 78®. Com^ with 2:4:6-trinitrotoluene 
M.P. 97 °- 

92® Triphenylmethane (C«H»),CH 

B.P. about 359®. Nitration with fuming HNO, in 
cold yields trinitro deriv. M.P. 206®. Reduction of 
this yields triamino deriv. M.P. 148®, which on 
oxidation with PbO, gives intense red colour of 
rosaniline. With Br, at 130® yields triphenylbromo- 
methane M.P. 152®. Forms compd with benzene 
M.P. 78®. 

95® Acenaphthene /CH, (i) 

CuH/ I 

\CH, (8) 

B.P. 277®. Oxidised by chromic acid to naphthalic 
acid (d. 180® giving anhydride M.P. 266®) and ace- 
naphthenequinone M.P. 261®, Picrate M.P. 161®. 
Compd with 2:4-dinitrotoluene M.P. 60®. Compd 
with 2:4:6-trinitrotoluene M.P. 109®. 

98® Retene (8-Methyl-2-fsopropylphenanthrene) 

B.P. 390®. Resists oxidation by KMnO| in water. 
With K,Cr,07 + HjSO* yields retenequinone M.P. 
197®. With Br, at 90-100® yields dibromo deriv. 
M.P. 180®. Forms unstable picrate M.P. 124®. 

100® Phenanthrene C^Hi-C^Hi 

I I 

CH=CH 

B.P. 340®. Oxidised to phenanthrenequinone M.P. 
202® and diphenic acid M.P. 229®. Picrate M.P. 143®. 
Compd with 2:4-dinitrochlorobenzene M.P. 44®. 
Compd with 2:4:6-trinitrotoluene M.P. 87®. 

1 13® Fluorene C,H4V 

I 

c.h/ 

B.P. 295®. Dissolves in cone. H1SO4 on warming 
with blue colour. Oxidation with chromic acid in 
acetic acid yields fluorenone M.P. 84®, with alkaline 
KMn04 yields phthalic add M.P. 195®. Forms 
unstable picrate M.P. 79® in ethereal soln. 

125® Stilbene C,H,CH:CH-C.H, 

B.P. 306®. Unsaturated, but decolorises bromine 
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only on warming. Oxidised by add KMnOi to 
bezualdeh^e B.P. I79^ Dibromide M.P. 237**. 
Compd with picryl chloride M.P. 70®. 

216® Anthracene 

C,H 

B.P. 351®. Oxidised by chromic add in acetic add 
to anthmqoinone M.P. 273®. With Br» in CQ* 3nelds 
dibromo deriv. M.P. 221®. Picrate M.P. 138®. 
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35® Ethyl Ether (C,H ,),0 

D. 0719 (15®). Characteristic odour. Sol. in ii vols. 
of cold water. Sol. unchanged in cold cone. HgSOi ; 
insd. in 50% H^SOi. 

42® Methylal. See Aldehydes and Acetals. 

64® Dimethylacetal. See Aldehydes and Acetals. 

89® Ethylal. See Aldehydes and Acetals. 

104® Acetal. See Aldehydes and Acetals. 

124® Paraldehyde. See Aldehydes and Acetals. 

140® n-Butyl Ether (C4H,),0 

D. o 784 (o®). 

169® Benzyl Methyl Ether C,H,CH,-OCH, 

D. 0-981 (4®). Insol in water. On boiling with 48% 
HBr yields benzyl bromide B.P. 198® and methyl 
bromide B.P. 4®. On warming with cone. H,SOa 

and glacial acetic add yields benzyl acetate B.P. 

206®. Bromine reacts in the cold yielding benzalde- 
hyde B.P. 179®, benzyl bromide, benzoyl bromide 
and other pr^ucts. 

170® woAmyl Ether [(CH,),CH-CH,'CH ,],0 

D. 0781 (15-). 

176® Cineole CicHigO 

D. 0-927 (20®). Optically inactive. Possesses weak 
basic properties; forms a sparingly soluble ferro- 
cyanide on shaking with a cone, soln, of K«Fe(CN)| 
in 7% HQ. On shaMng with a saturated iodine-Kl 
soln, crystals of iodine addition-product separate. 
Soln. in an equal voL of petroleum ether yields with 
dry HQ a crystalline hydrochloride, from which 
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M.T. 

ctneole is regenerated with water. With dry HCl at 
40-50® yields dipentene dihydrochloride M.P. 50®. 

185® Benzyl Ethyl Ether C*H,*CH,-OC,H, 

1 ^ 1 . in water On boiling with 48% HBr yields 
benzyl bromide. B.R 198° and ethyl bromide B.P. 
38®. Reacts with bromine like benzyl methyl ether 
ig^v.). Yields benzyl acetete B.P. 206® on warming 
with cone. H1SO4 and glacial acetic acid. 

294® Apiole M.P. 30®. See Phenolic Ethers (solid). 

295® Benzyl Ether (C4H,-CH,),0 

D. 1*036 {16®). On boiling with 48 % HBr yields 
benzyl bromide B.P. 198®. With acetic acid + cone. 
HjSOi yields benzyl acetate B.P. 206®. 

PHENOLIC ETHERS 

LIQUID 

154® Anisole C,H,*OCH, 

D. 0*988 (21®). On boiling with 48 % HBr yields 
phenol M.P. 42®, B.P. 181®, and methyl bromide B.P. 
4®. With cone. HNO, -f HjSO, in cold yield 
dinitroanisole M.P, 86®. 

171® o-Cresyl methyl Ether CH**C4H4*OCH, (1:2) 

D. 0*996 (0®). On boiling with 48 % HBr yields 0- 
cresol M.P. 31®, B.P. 180®, and methyl bromide B.P. 
4®. Oxidation by alkaline KMn04 yields methyl- 
salicylic acid M.P. 98®. 

172® Phenetole C,H,*OC,H, 

D. 0*979 (4®). On boiling with 48 % HBr yields 
phenol M.P. 42®, B.P. 181®, and ethyl bromide B.P. 38®. 
On gentle nitration yields p-nitrophenetole M.P. 58®. 

176® /^-Cresyl Methyl Ether (CH,)C4H4.0CH4 (1:4) 

D. 0*985 (0°). On boiling with 48 % HBr yields 
p-cresol M.P. 35®, B.P. 201®. Oxidi^ by K|CraO, -h 
H1SO4 to anisic acid M.P, 184®. 

177® m-Cresyl Methyl Ether (CH4)C4H4*OCH4 (1:3) 

D. 0*985 (4®). On bomng with 48 % HBr yields 
m-cresol B.P. 202®. Wifii fuming HNO* yields 
trinitro deriv. M.P. 91®. Oxidised by KMn04 to 
m-methoxybenzoic acid, M.P. 106®. 

207® Veratrole M.P. 15®. See Phenolic Ethers (Solid). 

2x4® Resorcinol Dimethyl Ether C|H4(0CH|)| (1:3) 

D. i*o8o (o®). On bdling witii 48 % HBr yields 
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resorcinol M.P. ii8®. On nitration with HNO* + 
HtS04 yields trinitro deriv. M.P. 124®. With (2 mols.) 
bromine yields a dibromo deriv. M.P. 141®. 

216® Thymol Methyl Ether (CH,),CH-C.H,(CH,) OCH, 

(1:4:2) 

D. 0*954 (o**)- ^ boiling with 48 % HBr yields 
thymol M.P. 50®. Nitration in cone. H2SO4 with 
fuming HNO* yields a trinitro deriv. M.P. 92®. 

232® Safrole CH,:CH*CHg-C4H,(OtCH0 (1:3:4) 

D. 1*1 14 (0®). Unsatorated. With excess of biD> 
mine 3rields a pentabromo deriv. M.P. 169®. Oxidised 
by alkaline I0iln04 to piperonylic add M.P. 228®. 
232® Anethole M.P. 21®. See Phenolic Ethers (Solid). 

243® Resorcinol Monomethyl Ether. See Phenols (liquid). 
244® Eugenol Methyl Ether CH,:CH CH4 C,H,( 0 CH,), 

(1:3:4) 

Unsaturat^. Dibromide M.P. 77®. Oxidised by 
K,Cr, 0 , in glacial acetic acid to veratric add M.P. 
180®. 

246® wSafroIe CH,CH:CHC,H,( 0 ,CH,) (1:3:4) 

D. 1*125 (14®). Unsaturat^. With (5 parts) bro- 
mine in CS, yields a tribromo deriv. M.P. 109®. 
Oxidised by add KMnOi to piperonal M.P. 37®, B.P. 
263®, by alkaline KMn04 to piperonylic add M.P. 
228®. 

247® Eugenol. See Phenols (Liquid). 

252® Phenyl Ether M.P. 28°. See Phenolic Ethers (Solid). 
263® a-Naphthyl Methyl Ether. C,.H,*0CH4 (i). 

D. i*^ (14®). On boiling idth 48 % HBr yields 
a-naphthol M.P. 94® and methyl bromide B.P. 4®. 
267® fsoEugenol. See Phenob (Liquid). 

276® a-Naphthyl Ethyl Ether C^HfOCtH* (i) 

D. 1*071 (4®). On boiling with 48 % HBr yields 
a-naphthol M.P. 94® and ^yl bromide B.P. 38®. 
282® ^Naphthyl Ethyl Ether M.P. 37®. See Phenolic Ethers 
(Solid). 

294® Apiole M.P. 30®. See Phenolic Ethers (Solid). 

SOLID 

15® Vcratrole C4H4(OCH,), (1:2) 

B.P. 207®. On bdling with 48 % HBr yields cate- 
chol M.P. 104®. With bromine yields dibromo deriv. 
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M.P. 

M.P. 91*. Nitration with fuming HNO, yields nitro 
deriv. M.P. 95®. Picrate M.P. 56®. 

21® Anethole CH,-CH:CH C.H4*OCH, (1:4) 

B.P. 232®. Unsaturated. Oxidation with dil. HNO, 
yields anisaldehyde B.P. 248®, with chromic acid 
yields anisic acid M.P. 184®, and with KBfnO, yields 
^-methoxyphenylglyoxylic acid M.P. 132®, 

28® Phenyl Ether (CgH ,),0 

B.P. 252®. Not rea^y hydrolysed. Nitration with 
fuming HNO, 5delds dinitro deriv. M.P. 135°. 

30® Apiole CH,:CH'CH,C,H( 0 ,CH.){OCH,), (t:3:4:2:5) 
B.P. 294®. D. I 015. Dissolves in cone. HtSO, with 
blood-red colour. On oxidation with chromic acid 
in acetic acid yields apiolaldehyde M.P. 102°. With 
alk. KMnO, yields apiolic acid M.P. 175° and a 
neutral subst. M.P. 122®. 

31® Guaiacol. See Phenols (Solid). 

37® /J-Naphthyl Ethyl Ether Ci,H,-OC,H, (2) 

B.P. 282®. On boiling with 48 % HBr yields p- 
naphthol M.P. 122® and ethyl bromide B.P. 38®. 

53® Hydroquinone Monomethyl Ether. See Phenols (Solid) 

55® Hydroquinone Dimethyl Ether. C,H4(OCH,), (1:4) 
B.P. 212®. Forms yellow soln in cone. H,S04. On 
boiling with 48 % HBr yields hydroquinone M.P. 
169® and methyl bromide B.P. 4®. Wi& bromine in 
boiling glacial acetic acid yields dibromo deriv. M.P. 
142®. 

72® /^-Naphthyl Methyl Ether Ci,H,-OCH, (2) 

B.P. 274®. On boiling wi& 48 % HBr yields 
naphthol M.P. 122® and methyl bromide B.P. 4®. 

80® Vanillin. See Aldehydes and Acetals. 

ALCOHOLS 

LIQUID 

65® Methyl Alcohol CH,OH 

0.0796(20®). Miscible with water. Oxidised to form- 
aldehyde (characteristic odour) by a hot Cu wire 
c^ted with oxide. With K,Cr,OT -f H,S04 in cold 
dil. soln 3delds formaldehyde (mixture on wanning 
withordnol gives a ppte, which dissolves in dU. NaOH 
with green fluorescence). On boiling with cone. HI 
yields iodide B.P. 43®. Acetate B.P. 57®. Benzoate 

I 
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B.P. 198®. Carbanilate M.P. 47®. a-Naphthyl- 
carbamate M.P. 124®. Acid phthalate M.P. 82®. 
p-Nitrobenxyl phthalate M.P. 105®. 3:5-Dinitro- 
benzoate M.P. 107®. 

78® Eth^d Alcohol C^,OH 

D. 0789 (20®). Miscible with water. Oxidised by 
hot dil. KjCrjO, + HjSO* to acetaldehyde B.P. 21® ; 
by alkaline KMnO* to acetic acid B.P. 118®. With 
iodine and dil. NaOH ^delds iodoform M.P. 119®. On 
boiling with cone. HI yields iodide B.P. 72®. Bromide 
B.P. 38®. Acetate B.P. 77®. Benzoate B.P. 213®. 
Carbanilate M.P. 52®. o-Naphthylcarbamate M.P. 
79®. Add phthalate is an oil. ^Nitrobenzyl phthal* 
ate M.P. 80®. 3‘5-Dinitrobenzoate M.P. 92®. 

83° ferf-Bntyl Alcohol M.P. .25®. See Alcohols (Solid). 

83® isoPropyl Alcohol (CH,),CH*OH 

D. 0 789 (20°). Misdble with water. Oxidised by 
hot dil. K,Cr, 0 , + HtS04 to acetone B.P. 56®. With 
iodine + NaiCO, soln. in cold yields iodoform M.P. 
119®. On warming with cone. HCl yields chloride 
B.P. 36®. Bromide B.P. 60®. Iodide B.P. 89®. 
Acetate B.P. 91®. Benzoate B.P. 218®. Carbanilate 
M.P. 90®. a-Naphthylcarbamate M.P. 78®. j^Nitro- 
benzyl phthalate M.P. 74®, 

97® n-Propyl Alcohol CH,-CH.*CH,OH 

D. 0 804 (20®). Bfiscible with water. Oxidised by 
hot dil. K,Cr, 0 , -f HjSOi to propionaldehyde B.P. 
49® ; by alkaline KMnOi to propionic add B.P. 140®. 
On boiling with 48 % HBr yields bromide B.P. 71®. 
Iodide B.P. 102®. Acetate B.P. loi®. Benzoate 
B.P. 230®. Carbanilate M.P. 58®. a-Naphthyl- 
carbamate M.P. 105®. />-Nitrobenzyl phthalate 
M.P, 53 ^ 

97® Allyl Alcohol . CH,:CHCH,OH 

D. o* 87X (0®). Mi^ble wi^ water. Irritating odour. 
Unsaturated. Dibromide B.P. 212®. Oxidbed by 
dil. K,Cr| 0 } + H,S04 to acrolein B.P. 52® (very 
irritati^ odour). On boiling with 48 % HBr yields 
bromide B.P. 70®. Iodide B.P. loi®. Acetate B.P. 
104®. Benzoate B.P. 230®. a-Naphthylcarbamate 
M.P. 109®. ,p-Nitrobenzyl phthalate M.P. 61®. 

99® «c-Butyl Alcohol CH,-CH(OH)C,H, 

D. 0*827 Sol. in 6 vols of cold water. Oxidised 
by hot dil. Kfiifi, -f H4SO4 to methyl ethyl ketone 
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B.P. 80®. With iodine + Na,COa soln in cold yields 
iodoform M.P. 119^ Qa boiling with cone. HCl 
yields chloride B.P. 67^ Bromide B.P. 91*. Iodide 
B.P, 1 18®. Acetate B.P. 112®. Benzoate B.P. 235®. 
a-Naphthylcarbamate M.P. 97®. 

102® terf-Amyl Alcohol (CH,)tC(OH)C,H, 

D. 0'8i 4 (15®). Sol. in 6 vols of cold water. With 
cone. HCl in cold yields chloride B.P. 86®. Bromide 
B.P. 108® d. Iodide B.P. 127®. Dehydrated on 
warming with oxalic acid, 3delding trimetbylethylene 
B.P. 38®. a-Naphthylcarbamate M.P. 71® (very poor 
yield). 

108® iwButyl Alcohol (CH,),CH CHaOH 

D. o-8oo (18®). Sol. in 8 vols of cold water. On 
boiling with dil. K,Cr,07 + HjSOa 3delds isobutyr- 
aldehyde B.P. 63® ; on adding cone. soln. of Na,Cr, 0 , to 
a cooled mixture of the adcohol with cone. 
yields «obutyl i5obut3nate B.P. 147®. On boiling 
with 48 % HBr yields bromide B.P. 91®. Iodide B.P. 
120®. Acetate B.P. 116®. Benzoate B.P. 241®. 

Carbanilate M.P. 80®. a-Naphthylcarbamate M.P. 
104®. p-Nitrobenzyl phthalate is an oil. 3:5-Di- 
nitrobenzoate M.P. 64®. 

116® n-Butyl Alcohol CH, CHa*CHaCH,OH 

D. o-8io (20®). Sol. in ii vols of cold water. On 
boiling with dil. ,K,Cr, 0 , -f- H1SO4 yields n-butyr- 
aldehyde B.P. 74® ; on adding cone. soln. of Na,Cr, 0 , 
to a cooled mixture of the alcohol with cone. 

)delds w-butyl n-butyrate B.P. 165®. (hi boiling with 
48 % HBr yields bromide B.P. 100®. Iodide B.P. 
130®. Acetate B.P. 126®. Benzoate B.P. 249®. 

a-Naphthylcarbamate M.P. 71®. ^Nitrobenzyl 
phthalate M.P. 62®. 3:5-Dinitrobenzoate M.P. 64®. 

131® woAmyl Alcohol (CH,),CH CH, CH,OH 

D. O'Sio (20®). ^ 1 . in about 40 vols of cold water. 
On boiling with dil. KA, 0 , -f H,SO* yields iso- 
valeraldehyde B.P. 92®; on adding cone. soln. of 
Na,Cr, 0 , to a cooled mixture of the sdcohol with cone. 
H1SO4 yields woamyl wovalerate B.P. 190®. On 
boiling with 48 % HBr yields bromide B.P. 118®. 
Iodide B.P. 148®. Acetate B.P. 139®. Benzoate B.P. 
262®. Carbanilate M.P. 55®. a-Naphthylcarbamate 
M.P. 67®. p-Nitrobenzyl phthalate is an oil. 

134® Ethylene Glycol Monoethyl Ether C,H, 0 -CHfCHpH 

D. 0*935 (15*)* Miscible with water. On boiling with 
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48 % HBr yields ethylene bromide B.P.129* and ethyl 
bromide B.P. 38^ Acetate B.P. 158®. 

160® iyc^Hexanol CH,-CH,CHOH 

(laH.-CH.-CH, 

M.P. 20®. 0*947 (ao®)- Sol. in 28 vols of cold water. 
On boiling with dil. K,Cr, 0 , + H,S04 yields cycUh 
hexanone B.P, 155®; on oxidation by hot cone. 
HNO, yields adipic add M.P. 149®. On wanning 
with cone. HQ yields chloride B.P. 143®. Acetate 
B.P. 175®. Carbanilate M.P. 82®. a-Naphthyl- 
carbamate M.P. 128®. Add phthalate M.P. 99®. 
On distillation with a trace of cone. HjSO* yields 
fyctohexene B.P. 83®. 

169® Furyl Alcohol CHOCCHjOH 

!l II 

CH— CH 

D. 1*136 (20®). Sol. in 8 vols of cold water. Resini- 
fied on warming with mineral adds. Gives green 
colour with cone. HCl. Pine splinter moistened with 
cone. HCl gives blue-green colour in vapour. On 
oxidation with KMn04 yields furoic (pyromucic) acid 
M.P. 133®. Acetate B.P. 176®. Benzoate B.P. 273®. 
a-Naphthylcarbamate M.P. 129®. Diphenylcarbamate 
M.P. 97®. 

1 71® Pinacol M.P. 35®. See Alcohols (Solid). 

175® n-Heptyl Alcohol CH,*[CH,]4 CH, 0 H 

D. 0*830 (16®). Almost insol. in water. On long 
boiling with large excess of 48 % HBr yields bromide 
B.P. 176®. Iodide B.P. 203®. Acetate B.P. 191®. 
a-Naphthylcarbamate M.P. 62®. On boiling with dil. 
K|Cr, 0 , -h H,S04 yields «-heptylic acid B.P. 223®. 
179® sec-Octyl Alcohol CH,*[CH,],*CH{OH)*CH, 

D. 0*819 (20®). Almost insol. in water. On boiling 
with dil. K|Cr,Oy -f H,S04 yields methyl hexyl 
ketone B.P. 172®, On boiling with cone. HCl yields 
chloride B.P. 172®. Bromide B.P. 191®. Iodide B.P. 
210®. Carbanilate is an oil. a-Naphthylcarbamate 
M.P. 63®. Acid phthalate M.P. 55®. On slowly 
adding to PCI, is dehydrated yielding octylene B.P. 
123®. 

j88® Propylene Glycol CH,*CH(OH)CH,OH 

D. I *040 (20®). Miscible with water. On boiling with 
48 % HBr yields dibromide B.P. 142®. Acetate B.P. 
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186®. Benzoate B.P. 2/^0^ fi2 mm. On heating with 
ZnCl, yields propionaldehyde B.P. 49°. 

197® Ethylene Glycol CH,OH CH,OH 

D. I ‘125 (o®). Miscible with water. On oxidation by 
cone. HNO, yields oxalic acid (q.v). On boiling with 
48 % HBr yields dibromide B.P. 129®. Diacetate 
B.P. 187®. Dibenzoate M.P. 73®. Dicarbanilate 
M.P. 157®. a-Naphthylcarbamate M.P. 176®. On 
heating with KH^4 yields acetaldehyde B.P. 21®. 

197® Linalool C,oHi ,0 

D. 0*866 (15°). Pleasant odour. Unsaturated. On 
oxidation with dil. K jCr ,0 + H^SOi yields citral B.P. 
228®. Acetate B.P. i03®/i3 mm. Carbanilate M.P. 

65"* 

205® Benzyl Alcohol C^HjCHiOH 

D. 1*043 (20°). ^ 1 . in 25 vols of cold water. On 
oxidation by chromic acid or acid KMnO^ yields 
benzaldehyde B.P. 179® ; by alkaline KMnO* yields 
benzoic acid M.P. 121®. On boiling with cone. HCl. 
yields chloride B.P. 179®. Acetate B.P. 206®. Ben- 
zoate M.P. 18®, B.P. 323®. Carbanilate M.P. 78®. 
a-Naphthylcarbamate M.P. 134®. p-Nitrobenzyl 
phth^te M.P. 83®. 

216® Trimethylene Glycol CH,OH CH,*CH,OH 

D. I 052 (18°). Miscible with water. On boiling with 
cone. HCl yields dichloride B.P. 120® and chloro- 
hydrin B.P. 161®. Dibromide B.P. 165®. Diacetate 
B.P. 209°. Dibenzoate M.P. 53®. a-Naphthyl- 
carbamate M.P. 164®. 

218® Terpineol M.P. 35®, See Alcohols (Solid). 

220® Phenylethyl Alcohol C^H.-CH.-CBjOH 

D. 1*023 (13®). Sol. in about 45 vols of cold water; 
soln. has odour of rose oil. On oxidation with K |Cr , 0 , 
+ dil. HjSO* yields phenylacetic acid M.P. 76“. On 
boiling with 48 % HBr yields bromide B.P. 2i7®d. 
Acetate B.P. 232®. Carbanilate M.P. 79®. a-Naph- 
thylcarbamate M.P. 1 19®. Acid phthalate M.P. 188®. 
/>-Nitrobenzyl phthalate M.P. ‘84®. 

222® d-Citronellol Ci^H^O 

D. 0*857 (17**)* Pleasant odour. Optically active, 
Wd ** + 4®. Unsaturated. On oxidation first with 
allodine KMnOi and then with K|Cr|Of -f dil. HjSO* 
yields /^methyladipic acid M.P. 89®. Acetate B.P. 
i20®/i5 mm. 
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329** Geraniol Ci«H||0 

D. o*88i (16*’). Pleasant odour. Optically inactive. 
Unsaturated ; forms a tetrabromide M.P. 70*’. 
Acetate B.P. 128V16 nun- Acid phthalate M.P. 
47®. Diphenylcarbamate M.P. 82*. 

855*’ Fbenylpropyl Alcohol CtH|*CH|*CH,*CHaOH 

D. 1*008 (18®). Slightly sol. in water. On boiling 
with K,draO, + dil. HaSOa yields hydrodnnamic 
add M.P. 48® ; with alkaline KBInOi yields benzoic 
add M.P. 121®. Acetate B.P. 244®. Carbanilate 
M.P. 47“. 

350® Gnnamyl Alcohol M.P. 33®. See Alcohols (Solid). 

390® Glycerol CH,OHCH(OH)CH,OH 

M.P. 20®. D. 1*260 (20®). htisdble with water. On 
heating with KHSO4 yields acrolein B.P. 52® (very 
irritating odour; reduces ammon. AgNO|). On 
heating 2 drops with 2 drops of phenol and 2 drops of 
cone. H1SO4 to 120®, diluting, and adding NH4OH, 
rod colour is formed. Triacetate B.P. 258®. Tri- 
benzoate M.P. 76®. Tricarbonilate M.P. i6o~i8o®. 
a-Naphthylcarbamate M.P. 191®. 

SOLIO 

m^. 

30® ^^dbHezanol B.P. 160®. See Alcohols (Liquid). 

25® UrPSutyl Alcohol (CH,),COH 

B.P. 83®. D. 0*780 (26®). Misdble with water. 
With 4 vols of cold cone. HCI yields chloride B.P. 52®. 
Bromide B.P. 72®. Acetate B.P. 96®. Carbanilate 
M.P. 136®. a>Naphthylcarbamate M.P. 100®. On 
heating with 45 % H,S04 yields isobutylene B.P. —6® 
(dibromide B.P. r49®). 

33<» Onnamyl Alcohol C,H4 CH:CH CH,OH 

B.P. 254®. Unsaturated ; dibromide M.P. 74®. 
Oxidised by acid KMn04 to benzaldehyde B.P. 179® 
and benzoic add M.P. 121®, by chromic add to cin- 
namic add M.P. 133®. Carbanilate M.P. 90®. a- 
Kaphthylcarbamate M.P. 114®. Diphenylcarbamate 
M.P. 97“. 

35® Pinacol (CH,),C(OH)*C(OH)(CH,), 

B.P. 172®. Sparingly soluble in cold water, readily 
in hot. Hot aqueous soln on cooling deposits hydrate 
M.P. 46®. On warming with iodine a^ dil NaOH 
yields iodohrrm M.P. 119®. Oxidised by chromic add 
to aceteme B.P. 56®. With fuming HBr yields 
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tetramethylethylene dibromide M.P. 192°. With PCI, 
yields tetrametiiylethylene dichloride M.P. 160®. On 
boiling with dil. HjSO, yields pinacolone B.P. 106®, 
with some di-wopropenyl B.P. 70®. 

35® Terpineol Ci,H„-OH 

B.P. 172®. Optically active, d or 1 . Unsaturated ; 
dibromide is an unstable oil. With HGl gas yields 
dipentene dihydrochloride M.P. 50®. Acetate B.P. 
195®. On heating with KHSO, yields dipentene B.P. 
181®. 

42® /-Menthol C|,Hi,OH 

B.P. 212®. Optically active, [ajp = “-59-6® in 
alcohol. Odour of peppermint. On boiling with 
K,Cr, 0 , -1- dil. HjSO, yields menthone B.P. 207®. 
Acetate B.P. 227®. Benzoate M.P. 54®. a-Naph- 
thylcarbamateM.P. 119®. Acid phthalate M.P. no®. 
/>-Nitrobenzyl phthalate is an oil. On heating with 
oxalic acid to 130® yields menthene B.P. 167®. 

46® Pinacol Hydrate. See Pinacol M.P. 35®. 

49® Cetyl Alcohol CH,-[CH,]„;CH,OH 

B.P, i89®/i 5 mm. On fusion with KOH or on oxida- 
tion by CrO, in acetic acid yields palmitic acid M.P. 
62®. Acetate M.P. 22®, B.P. 200®/i5 mm. Benzoate 
M.P. 30®. Carbanilate M.P. 73®. 

1 16® Terpin Hydrate Ci,H„ 0 , + H ,0 

Sol. in 250 parts of cold water, in 100 parts of cold 
ether, in 10 parts of cold alcohol. On heating above 
M.P. loses water forming cis-terpin M.P. 104®. Gives 
yellow to light red colour with cone. HiSO, ; in 
presence of NaHSO, colour is blood-red to brown. 
With PCI, )delds dipentene dihydrochloride M.P. 50®. 
Diacetate B.P. i47®/i3 mm. 

137® • Benzoin. See Ketones (Solid). 

162® Triphenylcarbinol (C,H,),C*OH 

B.P. 380®. Not attacked by cold KMnO, soln nor by 
dil. mineral acids ; with cone. HCl forms a yellow 
soln from which triphenylchloromethane M.P. 108® 
separates. Forms intense yellow soln. in cone. H,SO,. 
On successive nitration, reaction, and gentle oxida- 
tion by PbO, yields pararosaniline (cf. Triphenyl- 
methane M.P. 92®). Acetate M.P, 99®. 

166® d-Mannitol CH,OH[CH{OH)]*CH,OH 

Sol. in 7 parts of cold water, almost insol, in alcohol. 
Optical activity barely perceptible in aqueous soln ; 



120 


PHENOLS 


addition of NaOH causes rotation to left, while borax 
causes strong rotation to right. Gives a ppte. with 
ammon. Cu^4 soln. On distillation with cone. HI 
yields mixture of s«t-hexyl iodides B.P. 167®. On 
heating with 7 parts of PG, to 145®^ yields hexachloro- 
hexane M.P. 137®. Hexa-acetate M.P. 119®. Hexa- 
benzoate M.P. 124*. Hexacarbanilate M.P. 303®. 

203® d-Bomeol CiiHj^-OH 

B.P. 203°. Odour like camphor. Optically active, 
Wd — + 37° in alcohol. On boiling with HNO, 
yields camphor M.P. 175®. On stirring with 45 % 
H,S04 at 60-100° yields camphene M.P. 48°, B.P. 
157°. Acetate M.P. 29°, B.P. 225°. Benzoate M.P. 
25°. Carbanilate M.P. 138°. a-Naphthylcarbamate 
M.P. 127°. Acid phthaJate M.P. 164°. />-Nitro- 
benzyl phthalate M.P. 100°. 

225® Inositol CHOHCHOHCHOH 

CHOHCHOH I:H 0 H 

Optically inactive. Sol. in 10 parts of water at 12°, 
in 6 parts at 23®. Sparingly sol. in alcohol. Sweet 
taste. Does not reduce Fehling’s soln. On oxidation 
by KMn04 yields only C 0 „ by CrO, in cold yields CO, 
and formic add. by boiling HNO, yields oxalic acid. 
On boiling with acetic anhydride + Na acetate jdelds 
hexa-acetate M.P. 216®. Hexabenzoate M.P. 258®. 

253® Pentaeiythritol , C(CH,0H)4 

Sol. in 18 parts of cold water. Tetra-acetate M.P. 
84®. Tetrabenzoate M.P. 99®. Tetranitrate (high 
explosive) M.P. 139°. 

PHENOLS 

LIQUID 

B.P. 

196° Salicylaldehyde. See Aldehydes and Acetals. 

202® w-CresoI. CH,C4H4'0H (1:3) 

M.P. 3®. D. 1*050 (0°). Blue- violet colour with 
FeCl,. With ccmc. H,^4 -f HNO, yields trinitro- 
cresol M.P. 105®. With bromine yields tribromocresol 
M.P. 84°. Yields m-hydroxybenzoic add M.P. 200® 
on fusion with KOH -f PbO,. Benzoate M.P. 54®. 
3:5-Dinitrob6nzoate M.P. 160®. />-Nitrobenzyl ether 
M.P. 51®. Benzenesulphonate M.P. 45®. /^-Toluene- 
sulph^te M.P. 51®. Picrate M.P. 88®. 

® i;3:4-Xylenol M.P. 26°. See Phenols (Solid). 
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224® Methyl SaKcylate. See Esters of Aromatic Hydroxy 
Acids. 

234® Ethyl Salicylate. See Esters of Aromatic Hydroxy Acids. 
237® Carvacrol (CH,),CH-C,H,(CH,) OH (1:4:3) 

M.P. o®. D. 0*976 (20®). Transient green colour with 
FeCl, in ale. soln. only (ppte in aqueous soln). On 
gradual addition of (i mol.) bromine in acetic acid 
yields monobromo deriv. M.P. 46®. Oxidised by 
chromic acid to thymoquinone M.P. 45®. Acetate 
B.P. 246®. Benzoate B.P. above 26o®d. 3:5-Dinitro- 
benzoate M.P. 76°. Carbanilate M.P. 135®. Nitroso 
deriv. M.P. 153®. 

237® tsoPropyl Salicylate. See Esters of Aromatic Hydroxy 
Acids. 

239° w-Propyl Salicylate. See Esters of Aromatic Hydroxy 
Acids. 

243® Resorcinol Monomethyl Ether CHjO-C^H^ OH (1:3) 
D. 1*070 (4®). Faint violet colour in ale. with FeCl,. 
On boiling with 48 % HBr yields resorcinol M.P. ii8®. 
With bromine in acetic acid yields tribromo deriv. 
M.P. 104®. Acetate B.P. 255®. 

247® Eugenol CH,:CH*CH,*C,H,(OCH,)-OH (1:3:4) 

D. 1063 (18®)., Unsaturated. Odour of cloves. 
Blue colour with FeCl, in ale. Oxidation by KMnO, 
yields vanillin M.P. 80® and vanillic acid M.P. 207®. 
On fusion with KOH yields protocatechuic acid M.P. 
194®. With (3 mols.) bromine in ether yields tetra* 
bromo deriv. M.P. 118®. Acetate M.P. 30®, B.P. 270®. 
Benzoate M.P. 69®. />-Nitrobenzyl ether M.P. 53®. 
267® woEugenol CH,*CH:CH C.H,(OCH,j-OH (1:3:4) 

D. 1*080 (16®). Unsaturated. Green colour with 
FeCl, in ale. Acetate M.P. 79®. Benzoate M.P. 
103®. 

268® »-Butyl Salicylate. See Esters of Aromatic Hydroxy 
Acids. 

277® isoAmyl Salicylate. See Esters of Aromatic Hydroxy 
Acids. 

283® Resorcinol Monoacetate CH,<X)0*C,H4 0 H (1:3) 

Extremely viscous. In hydrolysis with NaOH yields 
resorcinol M.P. 118®. With acetic anhydride yields 
diacetate B.P. 278®, 

320® Benzyl Salicylate. See Esters of Aromatic Hydroxy 
Acids. 
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SOLID 

I:3^-Xykllrf (1:3:4) 

B.P. 21 Transient green-bine colour with FeCU in 
ak., bloe-violet in aqueous soln (also tnussient). 
With excess of bromine yields tribromo deriv. M.P. 
179®. With HNO, in acetic add yiekis 3-nitro deriv. 
M.P. 72*. Benzoate M.P. 38®. Carbanilate M.P. 
102 ®. 

28® Guaiacol CH.OCJi^OH {1:2) 

B.P. 203®. Green-blue colour with FeQ| in alcohol. 
On boiling with 48 % HBr yields catechol M.P. 104®. 
Heated with zinc dust yields anisole B.P. 154®. 
With pa, yields o-chloroanisole B.P. 195®. Acetate 
B.P. 240®. Benzoate M.P. 57®. ^Nitrobenzyl Ether 
M.P. 63®. Benzenesulphonate M.P. 51®. ^Toluene- 
snlplumte M.P. 83®. 3:3-Dmitioben2oate M.P. 138®. 
Carbanilate M.P. 136®. 

31® oCiesol CH,*C,H.-OH {1:2) 

B.P. 190®. Violet colour with FeCI, in water. With 
bromine water yields dibromo deriv. M.P. 36®. 
Benzoate B.P. 307®. ^Nitrobenzyl Ether M.P. 89®. 
Benzenesulphonate M.P. 39®. />-Toloenesulphonate 
M.P. 33®. 3:3-Dinitrobenzoate M.P. 133®. Carbanil- 
ate M.P. 143®. Pkrate M.P. 88®. 

33® />-Ciesol CH,-C,H|OH (1:4) 

B.P. 201®. Blue colour with FeCl, in water. With 
excess bromine water yields tetrabromo deriv. M.P. 
io8®d. Acetate B.P. 214®. Benzoate M.P. 71®. 
^Nitrobenzyl Ether M.P. 88®. Benzenesulphonate 
M.P. 43®. p-Toluenesulphonate M.P. 69®. 3:3-Di- 

nitrobenzoate M.P. 180®. Carbanilate M.P. 114*. 
Forms no picrate. 

42® Phenol C,H,OH 

B.P. 181®. Violet colour with FeO, in water. Sol. 
in cone. NH,OH. On nitration with hot fuming 
HNO, ^Ids picric add M.P. 122®. With bromine 
water yields tribromophenol M.P. 93® after treatmmit 
of ppte with Na/X), soln. Warmed with phthalic 
anhydride and a drop of c<mc. H,SO, yiekis phmiol- 
^thalein (red colour with alkali). Acetate B.P. 196®. 
Bmizoate M.P. 68®. 3:3-I>initrobenzoate M.P. 145®. 
;^Nitroben2yl Ether M.P. 91®. Carbamlate M.P. 
126®. BenzenesolphoDate M.P. 35®. ^Tolumwnil- 
phonate M.P. 95®. Pferate M.P. 83®. 
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4? Phenyl Salicylate. See Esters of Aromatic Hydroxy 
Aiuds. 

50® Thymol (CHJiCH'C.H.CCHJOH (1:4:2) 

B.P. 230**. Characteristic odour. Sparingly sol 
in hot water. Volatile with steam and extractable 
with ether from alkaline soln. Transient green colour 
with FeCla in alcohol Trinitro deriv. M.P. 109^. 
Nitroso deriv. M.P. 164**. Boiled with BlnO, and dil. 
HtSOa yields thymoquinone M.P. 45**. With (i mol) 
bromine in acetic acid yields bromothymol M.P. 55**. 
Acetate B.P. 244®. Benzoate M.P. 32®. 3:5-Dinitro- 
bmzoate M.P. 102®. Benzenesulphonate M.P. 55®. 
Carbanilate M.P. 107®. />-Nitrobciizyl Ether M.P. 85®. 

53® Hydroquinone Monomethyl Ether 
CHaO-CaH.OH (1:4) 

B.P. 243®. Sol in benzene. Not volatile with steam. 
Yields no quinh3rdrone with FeCl |. Reduces ammoni- 
acal AgNO| on warming. On boiling with 48% HBr 
yields hydroquinone M.P. 169®. 

58® Ordnol (hydrated) CH,-C,H,(OH), + H ,0 (1:3:5) 

Loses water on heating to 100®, giving anhydrous 
ordnol M.P. 107®. Sol in water. Blue>violet colour 
with FeG, in water. Soln. in NH«OH turns red on 
standing in air. Reduces ammoniacal AgNO,. Tri- 
bromo deriv. M.P. 98®. Diacetate M.P. 25®. IMbenzo- 
ate M.P. 88®. 

68® Medtol (CHJdC.H.OH (i:3:5:2) 

B.P. 219®. No colour wii FeQg. Bromine in 
glacial acetic add in presence of iodine yields dibromo 
deriv. M.P. 158®. 

70® Methyl m-Hy^xybenzoate. See Esters of Aromatic 
Hydroxy Adds. 

71® Pseudocumenol (CHJ,C|H|*OH (i:2:4:5) 

B.P. 230®. No colour with FeQ,. With fuming 
HNO, yields mononitro deriv, M.P. 48®, which forms 
a nitrate M.P. 8x® with HNOg. Bromine in gladal 
aceticadd yields monobromo deriv. M.P. 35®. Benzo- 
ate M.P. 63®. 

72® Ethyl m-Hvdroxybensoate. See Esters of Aromatic 

Hydroxy Adds. 

74® i:4:a-XyteiK)l (CHJ^gH.-OH (1:4:2) 

B.P. aia®. No cokmr with FeCl|. With bromine in 
acetic add yidda dibrtnno doiv. M.P. 79°* Acetate 
B.P.a 37 ®. Bea 8 oateM.P. 6 i®. Carbanilate M.P.x 6 o®. 
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So"* VanilUn. See Aldehydes and Acetals. 

94* o-Nafdithol C,.H,OH (i) 

B.P. 278®. No coloor with FeQ, in water, but gives 
white ppte. Green colour with titanic acid in cone. 
HtSOv Wanned in dil. NaOH with pure Ca« + Cu 
powder gives Uue colour (distinction from ^naphthol). 

bromine in acetk acid yields 2:4-dil^mo dcriv. 
M.P. 105®. Gives violet ppte with NaOBr soln. On 
adding dO. HNOa to soln in cone, H,SO« and wanning 
yields 2:4-dinitro deriv. M.P. 138®. Acetate M.P. 
46®. Bentoate M.P. 56®. Carbanilate M.P. 178®. 
^Nitrobenzyl ether M.P. 140®. Picrate M.P. 189®. 

95® j^Naphthyl Salicylate. See Esters of Aromatic Hydroxy 
Adds. 

104® Catechol C,H«(OH), (1:2) 

B.P. 245®. Readily sol. in water and in hot toluene. 
Green colour wr Ji FcCl,. Easily oxidised ; reduces 
Fehling*s soln. Soln. in NaOH turns brown on 
standing in air. With bromine in CCI4 yields tetra- 
bromo deriv. M.P. 192®. Diacetate M.P. 63®. Di- 
benzoate M.P. 84®. Carbanilate M.P. 165®. 

107® Orcinol (anhydrous) B.P. 289®. Sec Orcinol (hydrated) 
M.P. 58®. 

1 15® p-Hydroxybenzaldehydc. See Aldehydes and Acetals. 

1 16® Ethyl ^Hydroxybenzoate. See Esters of Aromatic 
Hydroxy Ad^. 

118® Resorcinol C^HifOH), (1:3) 

B.P. 276®. Sol. in water. Blue-violet colour with 
FeCl,. On nitration yidds trinitro deriv. M.P. 175®. 
On fusion with pbthalic add and a drop of H,^4 
yields fluorescein (orange soln. in NaOH with green 
fluorescence). Warmed with NaOH soln and CHQ, 
gives red soln. with green fluorescence. Diacetate 
B.P. 278®. Dibenzoate M.P. 117®. Dibcnzenesul- 
phonate M.P. 69®. Di-^toluenesulphonate M.P. 80®. 
Dkarbanilate M.P. 164®. 

122® ^Naphthol C,^,OH (2) 

B.P. 283®. Insol. in water. No cobur with FcQ| in 
water, but white opalescence. Soln, in cone. KOH 
gives blue colour when warmed to 50® with CHCI, (no 
cobur with CCI4). Gives red cobur with titanic add 
in cone. H1SO4. With (i mol.) brmnUie yields i- 
bfOfiio-2-na^thol M.P. 84®. Gives yellow cobur 
with NaOBr soln. Acetate M.P. 70®. Benzoate M.P. 
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107**. Benzenesolphonate M.P. 106^. p-Toloeiie> 
sulphonate M.P. 125**. * CarbanilAte M.P. 155^. p- 
Nitrobenzyl ether M.P. 106*. Pkrate M.P. 156®. 

124® Toluhyd^uinone CHg*C,H*(OH)g (2:1:4) 

Sol. in water. Resembles Hydroquinone M.P, 169® 
in properties. Yields toluquinone M.P. 6S® on 
oxidation. Diacetate M.P. 52®. 

13 1® Methyl p-Hydroxybenzoate. See Esters of Aromatic 

Hydroxy Acids. 

133® PyrogaUol CgHg(OH), (1:2:3) 

B.P. 293®. ^l. in water. Dull yellow colour with 
FeClg. Very easily oxidised. Soln in NaOH turns 
brown in air. Blue ppte with FeSO* soln. Tri- 
acetate M.P. 1 61®. Tribenzoate M.P. 89®. Tribenzene- 
sulphonate M.P. 141®. Tricarbanilate M.P. 173®. 

169® Hydroquinone CgH JOH)! (1:4) 

Sol. in water, insol. in benzene. Transient blue colour 
with FeCl, in water. Yields benzoquinone M.P. 116® 
on warming with excess of cone. F^I, soln ; in cold 
yields quinhydrone M.P. 171®. Ammonia colours 
aqueous soln brown. Diacetate M.P. 123®. Di- 
benzoate M.P. 199®. Dibenzenesulphonate M.P. 120®. 
Dicarbanilate M.P. 206®. 

218® Phloroglucinol C|H,(OH)g (1:3:5) + 2H,0 

Lo^ water at 100®. Sol. in water. Transient violet 
colour with FeCl,. On nitration yields trinitro deriv. 
M.P. 165®. With bromine water yields tribromo 
deriv. M.P. 151°. With NHgOH yields trioximino- 
cyclohexane d. (expl.) 155®. Triacetate M.P. 105®. 
Tribenzoate M.P. 173®. Tribenzenesulphonate M.P. 
1 16®. Tricarbanilate M.P. 123®. 

250® Phenolphthalein C*Hg-C(CtH40H)t 

do-i) 

Insol. in water, sol. in ale. Sol. in dil. NaOH forming 
red soln. ; colour discharged on adding lar^ excess of 
cone. NaOH Ppte. from alk. soln. by acid is amor- 
phous, V. sol. in ether, and melts in boihng water. On 
warming in dil. NaOH with Zn dust colour is dis- 
charged ,’ on acidification, phenolphthalin M.P. 225® 
is ppted. Diacetyl deriv. M.P. 143®. Dibenzoyl 
deriv. M.P. 169®. 

289® Alizarin. See Quinones. 
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ALDEHYDES AND ACETALS 

UQUID 

Acetaldehyde CH.CHO 

D. o*8o6 (o**). Misdbie with water. Characteristic 
odour. Extremely dil solii. in water gives light yellow 
ppte with Nesster's sola ; strongm^ s^ gives radish 
ppte. which rapidly becoiaes grey. With dry NH^ in 
dry ether yi^ls acetaldehy^e-ammcmia ILP. 93^ 
On wanning with dil. NaOH gives powerful odour of 
aldehyde-resin. Gives yellow cobur with dfl. soln of 
benzidine HCl. Red odour with sodium nitroprusside 
(blue in presence of piperidine or dkthylamine). On 
warncung with a little cone. HQ and /f-naph^ol in 
acetic ai^ soln. yields ethylkhme di-/f-naphthyl ether 
M.P. I73^ Semkarbazoue M.P. l63^ ^NHro- 
phenjdhydrazone H.P. 128^ 2:4-Dinitrophenyl- 
hydrazone M.P. x62^ 

42*^ Methyial CHt(OCH,}« 

D. 0*872 (15*^. Hisdlde with water. On bcnling with 
dil HQ yields formaldehyde and methyl ak. B.P. 65**. 
49** Propionaldehyde CtH»*CHO 

D. 0 806 (20*^. Sol in 5 vols of cold water. Odour 
like acetakieh^e. Pbenylhydrazmie B.P. 205**/x8o 
mm. (on warming with ZnQ, gives intense fecal odour 
of 8imt<de). SemicarbazoTC M.P. 89”. ^Nitro- 
{dienylhydiazooe M.P. X23®. 2:4-I>initr^enyl- 
hydiazone M.P. I55^ 

52* Acrxdein CH,K:H<3fO 

D. 0-84X (20®). Sol. in 2-3 vols of cold water. Odour 
very irritating. Unsaturated. Oxidised by heavy 
metal oxides or ammoniacal AgNO. to acrylic add 
B.P. 140®. With bromine and subs^uent oxidation 
by HNOa yields o^biomoproptonic add M.P. 64®. 
With phraylhydrazine in ether yields phenylpyr- 
a«^ M.P. 51®. 

63® isoButyraldehyde (CH^fHCHO 

D. 0*794 (20®). in 9 vols of cold water. Poly- 
merises in cold with trace of HiSOtto paxa-trobut]^- 
aldehyde M,P. 59®. Semkarbazone M.P. 125®. 
Oxime B.P. 139®. ^Nitrophenykydiazone M.P. 
13X®. 2:4-Dinitm|dienylhydracQoe M.P. 182®. 

64® Dimethylacetal CH,*CH(OCH|)t 

D. 0*879 (0®). Sightly s^ in water. On boiling wiHi 
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dil. HCl yields acetaldehyde B.P. 21® and methyl ale. 
B.P. 65". 

74® ii<Butyraldehyde C|H»-CHt*CHO 

D. 0-817 (20®). Sol. in 22 vote, of cold water. Oxime 
B.P. 152®. Semicarbazone M.P. 126®. />-Nitiophenyl- 
hydrazone M.P. 91®. 2:4-Dinitrophenylhydrazone 
M.P. 122®. 

88® Ethylal CH,(OC,H,), 

D. 0-840 (o®) . SlighUy sol. in water. On boiling with dil. 
HCl yiel^ formaldehyde {q.v.) and ethyl ale. B.P. 78®. 

97-98® Formaldehyde H-CHO (25-30% in water). 

Pungent and characteristic odom. With NH4OH 
yiel(te hexamethylenetetramine {q.v.) with evdntion 
of heat. Gives no colour with niixoprusside. In very 
dil. soln gives with Nessler's soln a reddish>brown 
ppte which becomes yellowish-grey on standing. On 
wanning with a little cone. HCl and /^naphtihol in 
alcohol yields methylene di-^naphthyl etiier M.P. 
190®. Gives a gelatinous ppte. with semicarbazide 
hydrochloride. Benzylphenylhydrazone M.P. 41®. 
/>-Nitrophenylhydrazonc M.P. 181®. 2:4-Dinitro- 
phenylhydra«)ne M.P. 155®. 

92® isoValeraldehyde (CH4),CH-CH,-CHO 

D. 0-803 (* 7 **)- Oxime B.P. 161®. Semicarbazone 
M.P. 107®. ^Nitrophenylhydiazone M.P. 109®. 2:4- 
Dinitiophenylhydrazone M.P. 123®. Aqueous soln 
with H,S gives thio deriv. M.P. 69®. 

104® Acetal CH,-CH(OC,H,), 

D. 0-831 (20®). Slightiy sol. in water. On boiling 
with dU, HCl yields acetEddehyde B.P. 21® and ethyl 
ale. B.P. 78®, 

X04® Crotonaldehyde CH.-CH:CH-CHO 

D. 0‘86o (14®). Fairly sol. in water. Very irritati]^ 
odour. Unsaturated. Dibromide d. on heating in 
vac. With HQ in cold yields ^nchlorobutyraldehyde 
M.P. 96®. Oxidised slowly by air, rapidly by Ag^O, 
yielding crotonic acid M.P. 72®. Forms sol. product 
with KaHSOy, from which it is not regenerated by 
Na,CO|. Oxdme M.P. 119®. Phenylhydrazone M.P. 
56®. ^micarbazone M.P. 144®. 

124® Paraldehyde CH(CHJ<)-CH-CH. 

D. 0-998 (15®). SUghtly sol. in water. On gently 
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wanning with a trace of cone. H|SO| yields acetalde- 
hyde B.P. si**. On warming with aniline in oonc. HD 
yields quinaldine B.P. 246**. 

154® Heptakiehyde CH,-[CH|],-CHO 

D. 0*825 (20®). On oxidation with chromic acid or 
dd. HNO| yields heptylic add B.P. 223®. Oxime 
M.P. 57®. Semicarbazone M.P. 106®; 2:4-Dinitro- 
phenylhydrazone M.P. 106®. 

161® Fnrfural CH-O-C-CHO 

D. 1-159 (20®). Colourless liquid, turns brown in air. 
A paper moistened with aniline acetate turns red in 
its vapour. On oxidation with KMnO| yields furoic 
(pyromude) add M.P. 133®. On wanning with ale. 
KOH yields furoic add and furyl ale. B.P. 169®. On 
wanning with acetone and dil. NaOH yields furfur- 
acetone M.P. 39®. Phenylhydrazone M.P. 97®. 
p-Nitrophenylhydrazone M.P. 127°. 2:4*Dinitro- 
phenylhydrazone M.P. 202®. Semicarbazone M.P. 202®. 

179® Benzaldehyde C,H,-CHO 

D. 1*050 (15®). Sparingly sol. in water. Odour of 
almond oil. Oxidised by alkaline KMnO^ to benzoic 
add M.P. 121®. On wanning with cone. KOH yields 
benzoic add and benzyl alcohol B.P. 205®. On 
wanning with aniline yields benialaniline M.P. 54®. 
With p-aminophenol in dil. acetic add yields benzd- 
p-aminophenol M.P. 183®. Dibenzalacetone M.P. 
Ill® (see Acetone B.P. 56®). Oxime M.P. 35®. 
Phenylhydrazone M.P. 158®. p-Nitrophenylhydra- 
zone M.P. 192®. 2:4-Dinitn^henylhydrazone M.P. 
235®. Semicarbazone M.P. 214®. 

196® SalkylaWchyde HO*C^4CHO (1:2) 

D. 1*173 (* 3 * 5 ®)* Sparingly sol. in water. Violet 
cdour with FeQ,. Oxidised by alkaline KMnOi to 
salicylic add M.P. 155®. Oxime M.P. 57®. Phenyl- 
hydiazone M.P. 142®. p-Nitropbenylhydrazone M.P. 
223®. 2:4*Dinitiophenylhydrazone M.P. 248®. Semi- 
carbazone M.P. 231®. Anil M.P. 50®. Triacetyl 
deriv. M.P. 100®. Benzoyl deriv. B.P. above 360®. 

77®/i 6 mm. Acetaldol CH,*CH(OH)*CH,*CHO 

D. 1*109 (16®). Stowly polymerises to paraMol M.P. 
90®. 0^ distilling with solid AlPOior trace of iodine 
yields crotonaklehyde B.P. 104®. Chk warmiDg with 
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aniline in cone. HCl yields quinaldine B.P. 246®. 
Semicarbazone M.P. 194®. 

203® Citronellal C,|H „0 

D. 0*855 (17®), Optically active, [a]o = -f 13®. 
Unsaturated. Takes up (i mol.) bromine ; product 
yields cymene B.P. 175® on heating. Oxime B.P. 
i35®/i4 mm. Semicarbazone M.P. 82®. 

220®d, Cinnamaldehyde C,H,*CH:CH-CHO 

B.P. I28®/2o mm. D. 1050 (24®). Insol. in water. 
Unsaturated. Odour of cinnamon. Warmed with 
cone. KOH yields cinnamic acid M.P. 133® and 
cinnamyl alcohol B.P. 254®. Oxidised by acid KMnOi 
to benzaldehyde B.P. 179®, by alkaline KMn04 to 
benzoic acid M.P. 121®. On warming with aniline 
yields cinnamalaniline M.P. 109®. Oxime M.P. 138®. 
Phcnylhydrazone M.P. 168®. /)-Nitrophenylhydra- 
zone M.P. 195®. Semicarbazone M.P. 215®. With 
NH, in ale. yields hydrocinnaraide M.P. 106®. 

228® Citral C„Hi ,0 

D. o*88o (15®). Optically inactive. Odour of lemon. 
Forms sparingly sol. compd. withNaHSO, (decomp. on 
wanning with water). Oxime B.P. I50®/I5 mm. 
With semicarbazide HCl in acetic acid without 
sodium acetate yields a semicarbazone M.P. 164®. 
248® Anisaldehyde CH,0*C,H4*CH0 (1:4) 

D. 1*123 (i8“). Insol. in water. On warming with 
alcoholic KOH yields anisic acid M.P. 184® and anisyl 
alcohol .M.P. 45®. Oxime M.P. 92®. Phenylhydra- 
zone .M.P. 120®. Semicarbazone M.P, 203®. 

SOLID 

37° Piperonal {CH, 0 ,):C,H*CH 0 (1:2:4) 

B.P. 263®. Sparingly sol. in water. Odour of helio- 
trope. On oxidation yields piperonylic acid M.P. 
228°. Oxime M.P. no®. Phenylhydrazone M.P. 
100®. Semicarbazone M.P. 230®. On warming with 
aniline yields piperonalaniline M.P. 65*. 

80® Vanillin CH, 0 *C,H,( 0 H)CH 0 (2:1:4) 

B.P. 285°. Slightly sol. in water. Odour of vanilla. 
Blue colour with FeCl,. On oxidation by alkaline 
K^InO^ yields vanillic acid M.P. 207®. On boiling 
with very dil. HCl and a few drops of FeQ, soln yields 
dehydrovanillin M.P. 304®d. With bromine water 
yields bromo deriv. M.P. 160®. Oxime M.P. 117®, 
O.A. K 
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Phenylhydraxone M.P. 105®. Scmicarbaione M.P. 
229®. Triacetyl dcriv. M.P. 88®. Benzoyl deriv. 
M.P. 75®, Addition product with phenyl liocyanate 
M.P. 116®. 

1 15® ^Hydroxy benzaldehyde HO-C,H4 CHO {1:4) 

Spamgly sol. in water. Forms a bisulphite compd 
sol, in water. Faint violet colour with FeCl|. Yields 
/^-hydroxybenzoic acid M.P. 215® w*ith difficulty on 
oxidation, but readily on fu.sion with KOH. On 
warming with aniline yields /J-hydroxybenzalaniline 
M.P. 190®. Oxime M.P. 72® (anhydrous M.P. 112®). 
Phenylhydra«)ne M.P. 177®. 2:4-Dinitrophenyl* 
hydr^ne M.P. 157®. Semicarbazone .M.P. 224®. 
Triacetyl deriv. M.P. 93®. Benzoyl dcriv. M.P. 72®. 

170® Ptolyoxymethylene (CH, 0 ), 

Slightly sol. in water. Yields formaldehyde (q.v.) on 
heating. 

KETONES 

LIQUID 

56® .Acetone CH,CO-CH, 

D. 0-819 (0*)- Miscible with water. With iodine and 
NaOH in the cold yields iodoform M.P. 119®. On 
boiling with lienzaldchydc and cone. Ba(OH)| soln. in 
diJ. ale. yields dibcnzaJacctone M.P. in®. £)il. soln. 
in water pves red colour with alkaline nitroprusside, 
changed in tint on adding acetic acid. Forms a 
bisulphite compd. with evolution of heat. Oxime 
M.P. 59®. Phenylhydrazone M.P. 42®. />-Nitro- 
phenylhydrazone M.P. 148®. 2:4-t)initrophcnyl- 
hydrazone M.P. 128®. Semicarbazone M.P. 187®. 

80® Methyl Ethyl Ketone CH.COC.H, 

D. 0830 (o®). Miscible with water. Oxime B.P. 
152®. Phenylhydrazone B.P. i9o®/ioo mm. p- 
NitrophenylhydrazoncM.P. 128®. 2:4-Dinitropheoyl- 
hydrazone M.P. 115®. Semicarbazone M.P. 135®. 

102® Diethyl Ketone C,H*CO-C,H, 

D. 0 834 Sol. in 15 vols. of cold water. Forms 
a bisulphite compd. only with difficulty. Oxime B.P. 
165®. Phenylhydrazone B.P. i62®/24 mm. ^Nitro- 
phenylhydrazcmeM.P. 139®. Semicarbazone M.P. 139®. 

106® Pinacoloiic CHg-CO'C(CHJ, 

D. 0'826 (o®). Sol. in 32 vols. of edd wato*. Odoiff 
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peppermint-like. Oxidised by chromic acid to tri- 
methyiacetic acid M.P. 35®, B.P. 163®. Forms no 
bisulphite compd. Oxime M.P. 74®. Phenylhydra- 
zone B.P. i65®/32 mm. Semicarb^ne M.P. 157®. 
130® Mesityl Oxide CH.*CO-CH:C{CH,), 

D. 0*858 (20®). Sol. in 30 vols. of cold water. Char- 
acteristic odour (like peppermint). Unsaturated. 
Decolorises bromine water yielding an unstable oil. 
On boiling with dil. H,S04 yields acetone B.P. 56®. 
Forms no bisulphite compd. Oxime M.P. 49®. 
Semicarbazone M.P. 156®. With phcnylhydra^e 
yields phenyltrimethylp)Tazoline B.P. i52®/i6 mm. 
p-Nitrophenylhydrazone M.P. 133®. 

139® Acetylacetone CH**CO*CH,*CO*CH, 

D. 0*941 (4®). Sol. in 8 vols of cold water. Exhibits 
a distinct acid reaction. Gives orange-red colour with 
FeClg in water. Gives light blue ppte of Cu salt with 
Cu acetate soln. Yields acetic acid and acetone on 
boiling with alkali. Forms ammonium salt M.P. 65® 
on passing NH, into ethereal soln. Nickel salt M.P. 
228®. On adding gradually to an excess of hydroxyl- 
amine base in water yields a dioxime M.P. 149® ; reverse 
order of addition leads to dimethylisoxazole B.P. 14Z®. 
With phenylhydiazine yields phenyldimethylpyrazole 
B.P. 273® : with p-nitrophenylhydiazine HCl in water 
yields corresponding deriv. M.P. 100®. With semi- 
carbazide yields dimethylpyrazole carboxylic amide 
M.P. 107®. With aniline in cold yields and M.P. 52®. 
155** cyc/oHexanone CH,*CH,*CO 

CH,*CH,*CH. 

D. 0*947 (20®). Sol, in 27 vols. of cold water. Oxida- 
tion by HNO, yields adipic acid M.P. 149®. Oxime 
M.P. 88®. Phenylhydrazone M.P. 74-77®^. p-Nitro- 
phenylbydrazone M.P. 146®. Semicarbazone M.P. 
166®. 

164® Diacetone Alcohol {CHJ,C(OH)-CH,*CO*CH, 

D. 0*931 (25®). Mi^ble with water, ale., and ether. 
On distilling with dd. NaOH yields acetone B.P. 56® ; 
on distilling with solid AlPO, or trace of iodine yidds 
mesityl oxide B.P. 130®. Oidmt M.P. 57®. 

202® Acetophenone C|H|*CO*CH, 

M.P. 20®. D. 1*023 (* 5 ®)* Sparingly sol. in water. 
On oxidation with alk^e KMnOg yidds benzoic add 
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M.P. 121®. On reduction by Na amaJgam yields 
methylphenyl carbinol B,P. 203®. Oxime M.P. 59®. 
Phenylhydraxone M.P. 105®. ^Nitrophenylhydra- 
lone M.P. 184®. Semicarbazone M.P. 162®. 

207® ^-Menthone Ci*H ,»0 

D. 0*896 (20®). Optically active, [a]© «« —28®. 

Insol. in water. Odour of peppermint. On reduction 
by Na amalgam yields /-menthol M.P. 42®. Oxime 
M.P. 59®. ^micarbazone M.P. 184®. 

224® d-Carvone C,*H,40 

D. 0*960 (20®). Optically active, [a]© « + 62®. 

Odour of caraway. On heating with 2% of POCl, 
yields car\'acrol B.P. 237® (violent reaction). With 
Na,SO, soln yields very sol. bisulphite compd and 
NaOH. Oxime M.P. 72®. Semicarbazone M.P. 162®. 

SOLID 

MJf. 

20® Acetophenone B.P. 202®. See Ketones (Liquid). 

28® Phorone (CH,),C:CH*CO*CH:C(CH,), 

B.P. 197°. Light yellow. Unsaturated. With bro- 
mine in CCl 4 yields tetrabromide M . P. 88®. On boiling 
with ver>' dil. H,S04 yields acetone B.P. 56®. Semi- 
carbazone M.P. 186’. 

41® Benzalacetone C4H,CH:CHC0CH, 

B.P. 262®. Light yellow. Insol. in water. Unsatu- 
rated. Oxidts^ by acid KMn04 to benzaldehydc. 
B.P. 179®. Forms a dibromide M.P. 124®. Oxime 
-M.P. 1 15®. Phenylhydrazone M.P. 156®. ^-Nitro- 
phenylhydrazone M.P. 166®. 

48® Benzophenone C.Hj-COCjH, 

B.P. 305®. Insol. in water. Forms yellow soln in 

cone. HtS04. Chi fusion with Na gives deep blue 
colour. On reduction with Zn dust + NaOH in ale. 
yields benzhydrol M.P. 68®. On fusion with KOH 
yields benzoic acid M.P. 121® and benzene B.P. 80®. 
Oxime M.P. 141®, Phenylhydrazone M.P. 137®. 
p-Nitrophenylhydrazone .M.P, 154®. 2:4-Dijutto- 
phenylhydrazone M.P. 229“. SemkarbazoncM.P. 164® 

95^ Benzil C^H^CO-COC^j 

B.P. 347®. Pale yellow. Insol. in water. Bc^ 
with alcoholic KOH yields benziUc add M.P. 150®. 
Oxidised by alkaline KMnO| to benzoic add M.P. lai®. 
Di-idicnylhydrazone M,P. 225®. W-p-nitiopl^l- 
hydrazonc M.P. 290®. a-Dioxime M P 
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130"’ Benioin C«H,<X)CH(OH}*C,H, 

B.P. 343®. Insoi. in water. Oxidised by Fehling’s 
soin. (with ale.) to benzil M.P. 95® ; by acid KMnO« to 
benzoic acid M.P. 121® and benzaldehyde B.P. 179®. 
Acetyl dcriv. M.P. 83®. Benzoyl deriv. M.P. 125®. 
a-Naphthylcarbamate M.P.140®. Oxime M.P. 151®. 
Phenythydrazone M.P. 106®. 

175® i-Camphor C|,H„0 

B.P. 209®. Optically active, (ajo = -f 44“ in ale. 
Characteristic odour. Sol. unchanged in cone. H ^SO*. 
On reduction in ale. with Na yields bomeoi M.P. 203®. 
Oxidised by hot cone. HNO, to camphoric acid M.P. 
187®. With Br, in CHCl, forms an unstable cry- 
stalline addition-product which on warming yields 
bromocamphor M.P. 76®. With Na -i- isoamyl nitrite 
in dry ether yields isonitrosocamphor M.P. 153®, 
which on boiling with NH,OH HG + Na acetate in 
dil. ale. yields camphorquinone dioxime M.P. 20i®d. 
and on treatment in acetic acid with NaNOg yields 
camphorquinone M.P. 198®. Oxime M.P. 118®. 
Phenylhydrazone B.P. 233®d. Semicarbazone M.P. 
237^ 

218® Phloroglucinol. Sec Phenols (Solid). 
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SOLID 

M.r. 

45® Thymoquinone CH,-C : CHCO 

I 1 

COCH:CCH(CH,), 

B.P. 232®. Yellow. Volatile with steam. Sparingly 
sol. in water. Reduced by aqueous SO, to hy'dro- 
thymoquinone M.P. 139®. Forms a compd. with 
h)^nxjuinone M.P. 137®. 

68® Toluquinone CH:CH-CO 



Yellow. Sparingly sol. in water. Odour resembles 
that of benzoquinone. On reduction with SO, yields 
tolohydroqulnone. M.P. 124®. Toluquinhydrone 
(l^ue needles, M.P. 52®) is readily sol. in water. 
With acetic anhydride containing a little cone. 
HiSO, yields 2:4:5-triacetoxytolueoe M.P. 1 14®. Witii 
NH,OH-HQ in water yields mmioxime M.P. 134®, 
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95^ Benzil. See Ketones (Solid). 
115® Benzoqninone CH:CH*CO 


d. 1 15 
~I20® 


171® 


COCH.CH 

YeUow. Sparingly sol. in cold water. Characteristic 
odour. Soln. in alkali turns brown in air, gives 
brown amorphous ppte. on boiling with dil. adds. 
Reduces ammon. AgNO|. Reduc^ to quinhydrone 
M.P. 171® by FeSO* in da, HjSO^. lib^tes iodine 
from KI soln. Yields phenoquinone M.P. 71® on 
addition of phenol. With small quantity cone. HQ 
gives black solid, converted to chk)rohydroquin(Hie 
BIP. X06® on warming. With acetic anhydride con- 
taining a little cone. H,S04 yields hydiroxyhydro- 
quinone triacetate M.P. 96®. With NH,OH HCl in 
water yields ^nitrosophcnol M.P. 144M. With 
PQ, yields /Khchlorobenzene M.P. 53®. 


^Naphthoquinone 


XO-CO (I) 

c.h/ I 
\CH:CH(2) 


Red. Insol. in water. Odourless. Not volatae with 


steam. Forms green soln. in cone. HjSO,. Oxi- 
dised by KMnOi to phthalic add M.P. 195®. Reduced 
by boiling with SO, soln to ^-hydronaphthoquinone 
M.P. 60®. On warming with NH,OH HCl in ale. 
yields ^nitroso-n-naphthol M.P. i63®d. With acetic 
anhydride containing a little cone. HjSO, yields 
x:2:4-triacetoxynaphthalene .M.P. 135®. 


o-Naphthoquinone 


C.H 


yCO-CH (1) 
‘XCO-CH (2) 


Yellow. Sparingly sol. in water. Odour like quinone. 
Volatile with steam. Sol, unchanged in cone. HjSO*. 
Sol. in dil. NaOH with red-brown colour. Not 


reduced by SO, in cold, with Zn and HQ yields 
a-hydronaphth<^uinone M.P. 173®. With phenyl- 
hydrazine HCl in 50 % acetic add yields benzen^Lzo- 
a-naphthol M.P. 2o6®d. With acetic anhydride con- 
taining a little cone. HtSO, yields x:2:4 triacetoxy- 
napht^ene M.P, 135®. On heating with aniline 
yields a product M.P. 190®. 


Quinhydrone C4H40,*C^4(0H), (i:4:i':4') 

park green. Sparingly sol. in water. Readily sol. 
in ale. and in ether (yellow solo.) ; ahimst insed. in 
CHQ,. On boilmg with water yields b^uroquiiKHns 



U,f, 




202 ® 


273“ 


289® 
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M.P. 115® and hydroquinone M.P. 169*. Reduced 
by Zn and HCl to hydroquinone; oxidised by 
KiCrgOf + dil. H|SO« to benzoquinone. Reduces 
ammon. AgNO|. 

Camphorquinone 

C.H, 



Bright yellow. Volatile with steam. Sparingly sol. 
in cold water and in benzene, readily sol. in ale. 
Reduced by Zn and HCl to a-hydroxycamphor M.P. 
203®. Insol. in cold aqueous alkalies; on long 
boiling with ale. KOH yields camphoric acid M.P. 
187®. With phenylhydrazine yields mono-phenyl- 
hydrazone M.P. 170®. 

Phenanthrenequinone C,H4*C0 

Orange. Sparingly sol. in water. Sol. in NaHSO, 
soln. Oxidised by CrO, or by KMnO* to diphenic 
add M.P. 229®. On heating with zinc dust yields 
phenanthrene M.P. 100® ; with soda-lime yields 
diphenyl M.P. 70®. Reduced by SO, in warm ale. to 
hydrophenanthrenequinone M.P. 147°. With NH, 
(gas) in warm ale. yields iraide M.P. 1 58®. Di-p-nitro- 
phcnylhydrazone M.P. 245®. 

Anthraquinone 

C,H 



Pale yellow. Sparingly sol. in cold benzene and ether ; 
almost insol. in ale. Insol. in NaHSO, soln. Sol. 
unchanged in cone. H,SO, and in warm cone. HNO,. 
On boiling for 2 hours with 10 parts cone. HNO, 
yields i-nitro deriv. M.P. 220®. On heating with 
zinc dust ^elds anthracene M.P. 216®. With Na 
hydrosulphite in boiling ale. yields oxanthranol M.P. 
205®d. On warming with Zn dust -f NH,OH yields 
dihydroanthranol M.P. 76®. On boiling with acetic 
anhydride -f Na acetate -1- ZnCl, yields anthrah)^dro- 
quinone diacetate M.P. 26o®d. On heating with 
KOH at 250® yields benzoic add M.P. 121®. 
Alizarin 

C,H 

Orange. Insol. in water, sol in alkali giving purple 
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soln. Ca(OH), and Ba(OH), precipitate blue salts 
from soln in ^kali ; salts of A 1 and Sn give red 
solns. Sol. in cone. HjSO* with purple colour. On 
adding NaOH (or KOH) in ale. to boiling soln, in 
ale. the mono-Na (or K) salt separates (red crysts.). 
With acetic anhydride + Na acetate yields mono- 
acetyl deriv. M.P. 205®. On long treatment with 
excess of acetic anhydride yields diacetate M.P. 180®. 
On heating dry mono*K salt with methyl sulphate 
to 150-160® yields monomethyl ether M.P. 230®. 
Dimethyl ether M.P. 215®. Dibenzencsulphonate 
M.P. 183®. 

SATURATED CARBOXYLIC ACIDS 

LIQUID 

100® Formic H.COOH 

M.P. 8®. D. 1-245 (o*)- Miscible with water. Sharp 
odour like that of SO,. On heating with cone. 
H,SO, yields CO. Decolori.ses acid KMnO,. Gives 
yellow colour with cone. NaHSO, soln. Reduces 
HgCI, to HgjCl,. Ethyl ester B.P. 54®. p-Nitro- 
benzyl ester M.P. 31®. Anilide M.P. 47®. p-Tolui- 
dide M.P. 53®. Diphenylamide .M.P. 73®. .Ammon- 
ium salt M.R 114®. 

1 18® Acetic CH,COOH 

M.P. 16®. D. 1*054 (*b'). Miscible with water. 
Stable towards most oxidising agents. Ethyl ester 
B.P. 77®. /^-Nitrobenzyl ester M.P. 78®. Phcnacyl 
ester M.P, 40®. />-Bromophenacyl ester M.P. 85®. 
/>-Iodopbcnacyl ester M.R 114®. Chloride B.P. 55®. 
Amide M.P. 82®, Anilide M.R 115®. />-Toluidide 
M.P. 147®. Ammonium salt M.P. 66®. 

1 40® Propionic CH ,CH ,*COOH 

D. 0*996 (19°). Miscible with water. Ethyl ester 
B.P. ^®. p-Nitrobeniyl ester M R 31®. p-Bromo- 
phenacyl ester M R 59®. p lodophenacyl ester M.P. 
95®. Chloride B.P. 80®. Amide M.P, 79®. Anilide 
M.P. X03®, p-Toluidide M.P. 124®. Acid ammonium 
salt M.P. 54®. 

155® isoButyric (CH 0 ,CH*COOH 

D. 0*948 (20®). Sol, in 5 vols of cold water. Yields 
CO and with cone. HjSO, at 140-155®. E^yl 
ester B.P. 110®. p-Nitrobcnryl ester is an oil. 
p-ftomophenacyl ester M.P. 77®. p-lodophenacyl 
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ester M.P. 109®. Chloride B.P. 92®. Amide M.P. 
129®. AniUdc M.P. 105®. /j-Toluidide M.P. 104®. 

163® w-Butyric CH,[CHJ,<XX)H 

D. 0*960 (19®). with water. Unpleasant 

odour. Soln. of Ca salt gives white ppte on wanning. 
Ethyl ester B.P, 120®. p-Nitrobenzyl ester M.P. 35®. 
Phenacyl ester is an oil. p-Bromophcnacyl ester 
M.P. 63®. p-Iodophenacyl ester M.P. 81®. Chloride 
B.P. 100®. Amide M.P. 115®. Anilide M.P. 90®. 
p-Toluidide M.P. 72®. 

176® isoValeric (CH,),CHCH,*COOH 

D. 0*931 (20®), Sol. in 22 vols of cold water. Un- 
pleasant odour. Ag and Zn salts insol. in water. 
Ethyl ester B.P, 134®. p-Broraophenacyl ester M.P. 
68®. p*Nitrobenzyl ester is an oil. Oiloride B.P. 
1 15®, Amide M.P. 135®. Anilide M.P. 115®. p- 
Toluidide M.P. 98®. 

186® n* Valeric CH, [CH,l,COOH 

D. 0*940 (19®). Sol. in 27 vols of cold water. Un- 
pleasant odour. Methyl ester B.P. 127®. Ethyl ester 
B.P. 144®. p-Bromophenacyl ester M.P. 63®. 
Chloride B.P. 127®. Amide M.P. 104®. Anilide 
M.P. 60®. p-Toluidide M.P. 70®. 

205® w-Caproic CH,*[CH,]4*COOH 

M.P. - 2* D. 0-929 (20®). Slightly sol. in cold water. 
Methyl ester B.P. 150®. Ethyl ester B.P. 166®. 

p-Bromophenacyl ester M.P. 71®. Chloride B.P. 
152®. Amide M.P. 98®. AniUde M.P. 95®. 

223® fi-Heptylic (Oenanthic) CH,-[CH, 1 ,*COOH 

D. 0*922 (15®). Sol. in about 400 vols of cold water. 
Methyl ester B.P. 173®. Ethyl ester B.P. 187®. 

Chloride B.P. 175®. Amide M.P. 94®. Anilide M.P. 
71®. Zn salt M.P. 91". Pb salt M.P. 78®. 

237'’ «-CapryUc CH,*[CHJ,*COOH 

M.P. 16®. D. 0-917 (15®). Very slightly sol. in cold 
water. Methyl ester B.P. 193®. Ethyl ester B.P. 
206®. Chloride B.P, 195®. Amide M.P. 105®. Anilide 
M.P. 57®. Zn salt M.P, 135®, Pb salt M.P. 84®. 

253® Pelargonic CH,-[CH*],*COOH 

M.P. 12®. D. 0-909 (15®). Almost insol. in water. 
Methyl ester B.P. 213®. Ethyl ester B.P, 227®. 

Chloride B.P. 98®/i5 mm. Amide M.P. 99®. Anilide 

M.P. 57®. Zn salt M.P. 131®. 
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SOUD 

i6® Acetic B.P, ii8*. Saturated Adds (Liquid). 
i6® Caprylic B.P. 237®. Sec Saturated Adds (Liquid). 

31" Capric CH,[CHJ,-COOH 

B.P. 269^. Alinost insol. in water. Volatile with 
steam. Methyl ester B.P. 223®. Ethyl ester B.P. 
244®. />-Bromophenacyl ester M.P. 66®. Chloride 
B.P. xi4®/i5 mm. Amide M.P. 108®. Anilide M.P. 
61®. 

44® Laurie CH,[CHJ„-COOH 

B.P. i8o®/i6 mm. Volatile with steam. Insol. in 
water. Methyl ester M.P. 5®. B.P. 141^/15 mm. 
Ethyl ester B.P. 269®. Chloride B.P. 142^/15 mm. 
Amide M.P. 98®. Anilide M.P. 76®. Zn salt M.P. 
127®. Pb salt M.P. 101°. 

48® Hydrodnnamic C,H,[CHJ,*COOH 

B.P. 280°. Insol. in water. Oxidised by chromic 
add to benzoic add M.P. 121®. Methyl ester B.P. 
236®. Ethyl ester B.P. 247®. />-NitTobenzyl ester 
M.P. 36®. />'BroraophenacyIcsterM 104®. Chloride 
B.P. Ii7®/i3 mm. Amide M.P. 82®. Anilide M.P. 
92°. 

53® Myristic CH,[CHt]|,-COOH 

B.P. I99®/i 6 mm. Insol. in water. Methyl ester 
M.P. i8®, B.P. i67®/i 5 mm. Ethyl ester M.P. 10®, 
B.P. 295®. Chloride B.P. 168^/15 ram. Amide M.P. 
102®. .Anilide .M.P. 84®. 

62® Palmitic CH,[CH,],«-COOH 

Insol. in water. Though neutral to litmus in water, 
reacts acid in aJc. soln. .Methyl ester M.P. 30®. 
Ethyl ester M.P, 24®. p-Nitrobenzyl ester M.P. 42®. 
Phcnacyl ester M.P. 52®. ^-Bromophcnacyl ester 
M.P, 81®. />-IodophcnacyI ester M.P. 90®. Chloride 
M.P. 12®. B.P. i92®/i5 mm. Amide M.P. 106®. 
Anilide M.P, 90®. Pb salt M.P. 112®. 

69® Stearic CH,[CH,]„COOH 

Resembles palmitic acid M.P. 62®, though lesi sol. in 
ale. Methyl ester M.P. 38®. Ethyl ester M.P. 33®. 
No result with p<nitrobenzyl bromide. Phenacyi 
ester M.P. 64®. p-Broraophenacyl «ter M.P. 78®. 
^•lodophcnacyl ester M.P. 90®. Chloride M.P. 23®, 
B.P. 2i5®/i5 mm. Amide M.P. 108®. Anilide M.P. 
93®. Pb salt M.P. 125®, 
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76* I^cnjiacetic C|H|‘CH|*COOH 

B.P. 262°. Sol. in l^t water, sparingly in cold. 
Intense and characteristic odour. Oxidued to benz- 
aldehyde B.P. 179** with acid KBInO« ; with alkaline 
KMnOi yields benzoic add M.P. 121". Methyl esto* 
B.P. 220"^. Ethyl ester B.P. 227®. ^Nitrobenzyl 
ester M.P. 65®. />-Bromophenacyl ester M.P. 89®. 
Chloride B.P. i8o®d. Aidde M.P. 154®. Anilide 
M.P. 1 17®. 

97® Glotaric COOH[CH J.COOH 

B.P. 303®. Sol in equal weight of cold water; 
slightly sol. in benzene. Methyl ester B.P. 214®. 
EUiyl ester B.P. 236®. Phenacyl ester M.P. 104®. 
Chloride B.P. 217®. Amide M.P. 174®, yields imide 
M.P. IJ4» on heating above 175®. On heating with 
aniline yields anil M.P. 144®. 

loi®. Oxalic (Hydrated) C(OH),-C(OH), 

Sol. in about 8 parts of water at 20®. Loses water 
on fusion, then subl. above 150®. M.P. 189® in closed 
tube. On heating with cone. H,SO| yields CO and 
C 0 |. Oxidised to C 0 | on warming to 60® with add 
K.Mn04. Not attacked by dil. alk. KMnOi. Ca salt 
insol- in water or dil. acetic add. On distillation 
with excess n-butyl alcohol yields butyl ester B.P. 
243®. />-Nitrobenzyl ester M.P. 204®. No result with 
phenacyl bromide. Anilide M.P. 245®. p-Toluidide 
M.P. 267®. 

101® Methylsalicylic. See Alkyl Hydroxy Acids. 

102® o-Toluic CH,-C,H,-COOH {1:2) 

B.P. 259®. Sparingly sol. in water. Oxidised by 
alkaline KMnO^ to phthalic add M.P. 195®. Yields 
toluene B.P. no® on heating with soda-lime. Methyl 
ester B.P. 207®. Ethyl ester B.P. 221®. p-Nitro- 
benzyl ester M.P. 90®. ^Bromophenacyl 'ster M.P. 
57®. Chloride B.P. 21 1®. Amide M.P. 142®. Anilide 
M.P. 125®. 

106® Azelaic COOH[CHJ,COOH 

B.P. 237®/! 5 mm. Sol. in about 500 parts cold 
water ; misdble in all proportions with boiling water. 
Sol. in about 40 pts. of cold ether. Ethyl ester 
B.P. 291®. Chloride B.P. i65®/i3 mm. Amide 
M.P. 175®. AniUde BtP. 185®. 

109® »i.Tolttic CH.CtH.-COOH (1:3) 

B.P. 263®. Sparinf^ soL in water. Oxidised by 
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alkaline KMnO« to uo-phthalic add (y.v.). Yields 
toluene B.P. 110^ on heating with soda-lime. Methyl 
ester B.P. 214*. Ethyl ester B.P. 220®. p-Nitro- 
bcnzyl ester M.P. 86®. ^Bromophenacyl ester 
M.P. 108®. Chloride B.P. 218®. Amide M.P. 94®. 

Ill® Ethylmaloaic C,H|*CH(COOH), 

Sol. in water. Heated above Af.P. yields n-butyric 
add B.P. 163® and CO,. Ethyl ester B.P. 200®. 
p-Nitrobenzyl ester M.P.^.75®. 

ii7®d. Benzylmalonic C,H,-CH,-CH(CC)OH), 

Sol. in water. On heating yields hydiodnnamic add 
M.P. 48® and CO,. ^Nitrobenzyl ester M.P. 119®. 

121® Benzoic C.HjCOOH 

B.P. 249®. Sol. in hot water, sparingly so in cold. 
On nitration yields m-nitrobenzoic acid M.P. 140® 
with a little o-nitrobenzoic add. Yields benzene 
B.P. 80® on heating with soda-lime. Methyl ester 
B.P. 198®. Ethyl ester B.P. 213®. />-Nitrobenzy| 
ester M.P. 89®. Phenacyl ester M.P. 118®. p. 
lodophenacyl ester M.P. 126®. Chloride M.P. o®. 
B.P, 197®. Amide M.P. 128®, Anilide M.P. 160®. 

133® Malonic CH,(COOH), 

Very sol. in water. Ca, Ba. Ag salts insol. On 
heating above M.P. ]pelds acetic add B.P. 118® and 
CO,. On warming with acetic anhydride gives orange 
colour with green fluorescence. With bromine water 
jields tribromoacetic acid M.P. 135® and CO,. Ethyl 
ester B.P. 198®. /^-Nitroben2yl ester M.P. 85®. On 
wanning with phenyl iiocyanate yields malondianilide 
M.P. 224®. 

133® Sebacic COOH rCH,],COOH 

Slightly sol. in hot water. Ca salt insol. On heating 
with soda-lime yields «-octane B.P. 125®, Methyl 
ester M.P. 38®, B.P. 288®d. Ethyl ester M.P. 4®, 
B.P. 307®. /^Nitrobcnzyl ester M.P. 72®. p-Bromo- 
phenacyl ester M.P. 147®. Amide M.P. 2x0®. Anilide 
M.P. 198®. 

133® Fnroic (Pyromude) CHOCCOOH 

II 

CH — CH 

Readily sol. in hot water, moderately (4 %) in cold. 
Sol. in benzene and in ether. Pyrrole is formed on 
hearing the NH, salt (a pine splinter moisted with 
«mc. HCl toms red in vapour). Methyl ester B.P. 
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1 81®. Ethyl ester M.P. 34®, B.P. 209®. />-Nitro- 
benzyl ester M.P. 133®. /^-Bromophenacyl ester 
M.P. 138®. Amide M.P. 141®. Anilide M.P. 123®. 

i35®d. Methylmalonic (iioSuccinic) CHi-CHICOOH), 

Sol. in water. Ca. Ba, Pb, Ag salts insol. On 
heating yields propionic acid"B.P. 140®. Methyl 
ester B.RT78®. Ethyl ester B.P. 196®. 

151® Adipic COOH[CHj4*COOH 

B.P. 2i 6®/I5 mm. Sol in 70 pts. cold water, in 170 
pts. cold ether. Readily sol. in ale. Not attack^ 
by hot HNO,. Methyl ester M.P. 8®, B.P. 115®/ 
13 mm. Ethyl ester B.P. 245®. Chloride B.P. 
126®/! I mm. Amide M.P. 220®. Anilide M.P. 235®. 

160® a Naphthoic C,4H,-COOH (i) 

Sparingly sol, in water. Yields naphthalene M.P. 80® 
on heating with soda-lime. Ethyl ester B.P. 309®. 
Chloride B.P. 297®. Amide M.P. 202®. Anilide 
M.P. 160®. 

177® />.Toluic CH.C.H.COOH (1:4) 

B.P. 275®, Sol. in hot water. On oxidation by alka- 
line KMnO* yields terephthalic acid {q.v.). Yields 
toluene B.P. 1 10® on beating with soda-lime. Methyl 
ester M.P. 32®. B.P. 217®. Ethyl ester B.P. 228®. 
p-Nitrobcnzyl ester M.P. 104®. />-Bromophenacyl 
ester M.P. 153®. Chloride B.P. 224®. Amide M.P. 
158®. Anilide M.P. 140®. 

182® ^Naphthoic C^HfCOOH (2) 

Insol. in water. Yields naphthalene M.P. 80® on 

heating with soda-lime. Methyl ester M.P. 77®, 

B.P. 290®. Ethyl ester B.P. 308®. Chloride M.P. 
43®, B.P. 304®. Amide M.P, 192®. Anilide M.P 170®. 

184® Anisic. Sec Alkyloxy Acids. 

185® Succinic COOH-CH,-CH,-COOH 

B.P. 235®d. (giving anhydride M.P. 119®). Sol. in 
water. Fe salt insol. in dil. acetic add. Ammonium 
salt yields pyrrole on ignition with Zn dust (pine 
splinter soaked in cone. HCl turns red in vapour). 
Methyl ester M.P, 18®, B.P. 195®, Ethyl ester B.P. 
216®. ^Nitrobenzyl ester M.P. 88®. Phenacyl ester 
M.P. 148®. ^Chlorophenacyl ester M.P. 197®. p- 
Bromophenacyl ester M.P. 211®. Amide M,P, 242®. 
Imide M.P. 125®. Anilide MLP. 226®. Anil M.P. 156®. 

187® d-Camphoric CiHiJCOOH), 

Optically active, [a]© « + 47* in ale. Moderately 
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ii.r 

sol. in water. Pb salt inaol. Heat^ with (x>nc. 
HiSO* yields CO. On warming with acetyl chloride 
yidds anhydride M.P. 221*. Methyl ester B.P. 264®. 
Ethyl ester B.P. 285®. />-Nito>bcniyl ^ter M.P. 66®. 
Amide M.P. 192®. Imide M.P. 244®. Anil M.P, 117®. 
189® Oxalic (Anhydrous) COOH COOH 

Sec Hydmted Oxalic Acid M.P. loi® 

Phthalic C,H,(COOH), (1:2) 

Complete crystals melt at 213®. Loses water above 
M.P. forming anhydride M.P. 130“. Sol. in hot water 
and in CHG,. Yields benxenc B.P. 80® on heating 
with soda-lime. Posed with resorcinol and a little 
cone. H,S04 jields fluorescein {orange soln. with green 
fluorescence in alkali). Methyl ester B.P. 282®. 
Ethyl ester B.P. 298®. />-Nitrobcn^l ester M.P. 155®. 
Ammonium salt on prolonged fusion yields phthal- 
imide M.P. 238®. Anil M.P. 205®. Chloride B.P. 275®. 

Above 

300® Isophthalic C.H^ICOOH), (1:3) 

Insol. in water. Yields benzene B.P. 80® on heating 
with soda-lime. Ba salt sol. in water. Methyl ester 
M.P. 67®. Ethyl ester B.P. 302®. />-Nitrobenzyl 
ester M.P. 202®. Chloride M.P. 41®, B.P. 276®. 
Amide M.P. 265®. Anilide M.P. 250®. 

Subl. Terephthalic C4H4(COOH), (1:4) 

Insol. in water and in CHCl,. Yields benzene B.P. 
^® on heating with soda-lime. Ca, Ba salts almost 
insol. in water. Methyl ester M.P. 140®. Ethyl ester 
M.P. 44®, B.P. 302®. p-Nitrobenzyl ester M.P. 263®. 
Chloride M.P. 77®, B.P. 259®. Amide insol. in all 
organic liquids. 

UNSATURATED ACIDS 

LIQUID 

■jr. 

140® Acrylic CH,:CHCOOH 

M.P. 8®. p. 1-062 (16®), Misdble with water. With 
bromine )delds o^ibromopropionic add M.P. 64®. 
With HCl yields ^hloroproptonic add M.P. 41®. 
Bleth)d ester B.P. 85®. Ethyl ester B.P. 101®. 
Amide M.P. 84®. AniUde M.P. 104®. 

I44®d. Propiolic CHiC-COOH 

M.P. 6®, MhKuble with water. With ttfomine yii^is 
fl^bfomoaoylic add M.P. 85®. With HO yidds 



UNSATURATED ACIDS 


143 


/kihloroacryUc acid M.P. 84®. Gives an explosive 
brown ppte. with ammon. CuCl. Ethyl ester B.P, 1 19®. 

169® fsoCrotonic CHg-CH:CH<XX)H 

D. 1*031 (15®). Miscible with water. On heating 
to 150® with a trace of iodine is converted to a- 
crotonic acid. With bromine yields t50-a/$^bromo- 
butyric acid (liquid). Ethyl ester B.P. 136®. 

223®/ Oleic CH,[CHJ,CH:CH[CHJ,COOH 

10 mm. M.P, 14®. D. 0*898 {14®). Insol. in water; gives no 
acid reaction to litmus in water, but distinctly in 
ale. Oxidised by KMn04 to dihydroxystearic add 
M.P. 134®, pelargonic acid B.P. 253® and azelaic acid 
M.P. 106®. With bromine yields an oily dibromo* 
stearic acid. /^Nitrobenzyl ester is an oil. Phenacyl 
ester is an oil. />-Bromophenacyl ester M.P. 62®. 
Chloride B.P. 2 13®/! 3 mm. Amide M.P. 78®. 

SOLID 

51 ^ Elaidic CH.[CH4],*C:H:CH*iCHJ,*COOH 

(Trans isomer of oleicadd.) B.P, 225®/ionim. Insol. 
in water. Acid reaction to litmus in ale. only (Cf. 
oleic add). Forms with bromine a solid dibromo- 
stearic add M.P, 27®. Yields pelargonic acid B.P. 
253® and azelaic acid M.P. 106® on oxidation by 
KMnOi. Chloride B.P. 2i6®d./i3 mm. Amide M.P. 
92®. 

72® a-Crotonic CH,*CH:CHCOOH 

B.P. 180®. Sol. in water. Reduces ammoniacal 
AgNO, on warming. Yields n-butyric acid with Zn 
and dd, H,S04. Bromine yields o^’dibromobutyric 
acid M.P. 87®. Yields )?-iodobutyric add M.P. no® 
with HI, Amide M.P. 150®. 

80® Citraconic COOH*CH;C(CH,)*COOH 

Sol. in w'ater. On heating yields anhydride B.P. 213®. 
Wanned with bromine water yields dibromomethyl- 
sucdnic acid M.P. 150®. Methyl ester B.P, 210®. 
Ethyl ester B.P. 231®. Rrenacyl ester M.P. 108®. 
Imide M.P. 109®. 

133® Cinnamic C4H4*CH:CH*COOH 

B.P. 299®. Sparingly sol, in water. On oxidation 
with add KMnOi yields benxaldehyde B.P. 179® ; 
with alka^ KMnOi yields benzok: add M.P. 121®. 
On warming with bromine water yields o^bromo- 
^nylpiopionic add M.P. 195®. With fuming HNO, 
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in the cM yields chiefly ^^mtiocinnamic add M.P. 
285®. Methyl ester M.P. 36®. B.P. 263®. Ethyl est» 
B.P. 271®. ^Nitrobenxyl ester M.P. 116®. Phenacyl 
ester M.P. 140®. ^Bromopheaacyl ester M.P. 145®. 
Chloride M.P. 35®, B.P. 252®. Amide M.P. 141®. 
Anilide M.P. 153®. 

136® Rienylpropiolic CiHiCtCCOOH 

Insd. in water. Heated with Zn dust and glacial 
acetic add yields cinnamic add. With cone. HBr 
yields ^bromoallodnnamic add M.P. 159°. Ethyl 
ester B.P. 26o®-27o®. ^Nitrobenzyl ester M.P. 83®. 
Amide M.P. 102®. 

139- Maleic COOHCH.CHCOOH 

Sol. in water. On heating in vac. above 150® yields 
anhydride M.P. 56®, B.P. 202®. On heating to 200® 
yields fumaric add iq.v.). With bromine yields iso- 
dibromosucdnic add M.P. 160®. Boiled with aniline 
yiekls phenylaspartic anil M.P. 211®. Methyl ester 
B.P. 205®. Ethyl ester B.P. 225®. p-Nitrobenzyl 
ester M.P. 89®. Phenacyl ester M.P. 1 19®. />-Bromo* 
phenacyl ester M.P. i^®d. 

161® Itaconic COOH-C(:CH,)CH, COOH 

Sol. in water. With bromine yields i7a*dibromo- 
pyTOtartaric acid (amorphous) ; with HCl yields ito* 
chloropyrotartaric add M.P. 140®. Warmed with 
acetyl chloride yields anhydride M.P, 68®. Heated 
with aniline yields pseudoitaconanilic add M.P. 190®. 
Methyl ester B.P. 210®. Ethyl ester B.P. 227®. 
Phenacyl ester M.P. 79®. Amide M.P. 192®. 

191® Aconitic COOH CH;C{COOH)CH, -COOH 

Sol. in water. Heated at 200® yields itaconic anhy- 
dride M.P. 68® and CO,. Decolorises bromine water 
only on wanning. Methyl ester B.P. 270®. Ethyl 
ester B.P. 275®. ^-Nitrobenzyl ester M.P. 76° (very 
poor yield). Phenacyl ester M.P. 90®. p-Chloro- 
phenacyl ester M.P. 169®. p-Bromophenacyl ester 
M.P. 186®. 

Subl. Fumaric COOH-CH:CH<XX)H 

200® M.P. 286® in closed tube. Sparingly sol. in water. 

Wanned with bromine water yields a dibromosucdnic 
add d. 200-235®. On heating with aniline yields 
phenylaspartic anil M.P. 2x1®. Methyl ester M.P. 
102®, B.P, 192®. Ethyl ester B.P. 218®. ^Nitro- 
bmzyl ester M.P. 150®. Phenacyl esba’ M.P. 197®. 
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M.P. 

207® Coumaric, See Aromatic Hydroxy Acids. 

216® Bperic (CH, 0 ,):C,H,[CH:CH],C 00 H {1:2:4) 

Pale yellow. Insol. in water. Gently oxidised by 
acid KMn04 yields piperonai M.P. 37®. Yields proto- 
catechuic acid M.P. 194 ®d. on fusion with potash. 
Ethyl ester M.P. 77®. />-Nitrobenzyl ester M.P. 145®. 

ALIPHATIC HYDROXY ACIDS 

SOLID 

Tr i//-Uctic CH,CH(OH)COOH 

Generally a liquid. B.P, Ii9®/i2 mm. Miscible with 
water. Decolorises acid KMiiO, on warming. Red 
colour formed on warming 0*2 c.c. of a o-i % soln 
with2c.c. of cone. H,SO,for 2 mins, at 100®, cooling, 
and adding 2 drops of 5 % ale. guaiacol. Oxidation by 
chromic acid yields acetaldehyde and acetic acid. 
Methyl ester B.P. 144®. Ethyl ester B.P. 154®, 
/>-Nitroben2yl ester is an oil. Phenacyl ester M.P. 96®. 
/>'Bromophcnacyl ester M.P. 112®. p-Iodophena<^l 
ester M.P. 139®. Amide M.P. 74®. Acetyl deriv. 
M.P. 57®, B.P. 127®/!! mm. 

79® Glycollic CH.OHCOOH 

Sol. in water ; tends to deliquesce. On heating yields 
formaldehyde. Guaiacol test (cf. lactic acid) gives 
violet colour in presence of i cc. glacial acetic acid . Ag. 
Ca, Cu salts sp. sol. in cold water. Oxidised by HNO, 
to oxalic acid (^.v,). Methyl ester B.P. 151®. Ethyl 
ester B.P. 160®. p-Bromophenacyl ester M.P. 138®. 
Amide M.P. 120®. Acetyl deriv. M.P. 66® (sol. in 
water, sparingly sol. in benzene). 

100® /-Malic C(X)HCH,-CH{OH)<XK)H 

Optically active, cone, solns rotate to right, dil. 
solns to left. Hygroscopic. Ba salt very sol. Ca 
salt insol. Neutral soln containing NH4CI gives no 
ppte with CaCi,on boiling, but does on addition of 1-2 
vols. of ale. With cobalt nitrate and excess NaOH 
gives blue colour. With ^-naphthol in cone. HgSO* 
green-yellow colour, clear yellow on warming, pale 
orange on dilution. On heating to 180® yields 
fumanc acid and maleic anhydride (^.e.). With 
PCI, in the cold yields a-chlorosuccinic add M.P. 

1 76®d. after treatment with water. Methyl ester B.P. 
!2a®/i2 mm. Ethyl ester B.P, ia9®/i2 mm. p- 
Nitrobeniyl ester M.P. 124®. Phenacyl ester M.P. 106®. 

L 


O.A. 
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atric COOH-C(OH)(CH,-COOH), + H.O 

Sol. in water. Loses water of crystallisation at 130®, 
forming anhydrous acid M.P. 153** ^ 

gives ppte on boiling or on addition of NaOH. With 
warm cone. HjSO* does not char, but gives a yellow 
soln containing acetone dicarboxylic acid ; on neutral- 
ising and adding nitroprusside gives red colour, 
changed to violet with acetic acid. Insol. Ba salt 
separates slowly. With j?-naphthol in conc.H^Oi 
blue colour, not changed to green on warming. With 
KMnO, in water or glacial acetic acid yields acetone 
(CHI, test). Ethyl ester B.P. 294“. /^Nitrobenzyl 
ester M.P. 102*. Phenacyl ester M.P. 104®. p- 
Bromophenacyl ester M.P. 1 48®. With acetyl chloride 
yields acetylcitric anhydride M.P. 115“. 

118® d/-Mandelic C,H,-CH(OH)COOH 

Sol. in water. On warming with acid KMnO, yields 
benzaldehyde B.P. 179®. Methyl ester M.P. 52®. 
Ethyl ester M.P. 34®, B.P. 253®. Phenacyl ester 
M.P. 84®. Acetyl deriv. M.P. 73®. 

133* d- or /-Mandelic C,H,'CH(OH)*CC)OH 
C/. MandeUc acid M.P. 118®, 

150® Benzilic (C,H,),C(OH)-COOH 

Sol. in hot water. Dissolves in cone. HiSO* with 
red colour. Oxidised by chromic acid to benzophe- 
none M.P. 48®. Methyl ester M.P. 74®. Ethyl ester 
M.P. 34®. ^ />-Nitrobenz>’l ester M.P. 99®. Amide 
M.P. 154®.* Acetyl deriv. M.P. 98®. 

153® Qtric (anhydrous). See Citric M.P. 100®. 

169® d-TarUric COOH[CH(OH)],COOH 

Optically active. [a]r» = -f 12® (20% in water). Sol. 
in water. Ca salt insoi. in water but sol. in a cold 
cone, soln of NaOH. No ppte. on adding CaCl , to soln. 
of free acid. Salts char on heating. Acid chars 
and effervesces with hot cone, HjSO,. With cobalt 
nitrate and excess NaOH colourless solution in cold, 
blue on wanning, colourless again on cooling. With 
^naphthol in cone. H,SO« green colour, unchanged 
on warming, orange on dilution. On adding succes- 
sively FeSO|, H, 0 , and NaOH gives violet colour. 
Cone. soln. gives ppte. of KH salt on adding K ac^te. 
With acetyl chlorale yields diacetyltartaric anhydride 
M.P. 126®. ^Nitax)brazyl ester M.P, 163®. Phenacyl 
ester M.P. 130®. ^Bromophenacyl ester d. 21b®. 
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M.r. 

On distilling with excess n-butyl ale. yields ester 
M.P. 22®, B.P. i97®/i5 mm. (diacetyl deriv. M.P. 58®). 

2i3®d. Mucic C00H-[CH(0H)]4*C00H 

Sparingly sol. in water, insol. in alcohol. Pyrrole is 
evolved on heating the sparingly sol. NH* salt (a 
pine shaving moistened with cone. HCl turns r^ 
when held in the vapours). On heating yields furoic 
acid M.P. 133". Ethyl ester M.P. I58®d. Tetra- 
acetyl deriv. M.P. 266®. /^-Nitrobenj^yl ester M.P. 
above 310°. Phenacyl ester M.P. 310®. ^-Bromo- 
phenacyl ester d. 225® (poor yield). 

AROMATIC HYDROXY ACIDS 

SOLID 

155® Salicylic HO'C4H4 COOH (1:2) 

Sol. with difficulty in water. Gives purple colour 
with FeG, in water. With 15 % HNQ, yields 
5-nitrosalicylic acid M.P. 226®. Heated with soda- 
lime yields phenol. Methyl ester (odour o{ winter- 
green) B.P. 224®. Ethyl ester B.P. 231®. />-Nitro- 
benzyl ester M.P. 96®. Phenacyl ester M.P. no®. 
/>-Bromophenacyl ester M.P. 140°. Amide M.P. 139®. 
Acetyl deriv. M.P. 135®. Anilide M.P. 134® on heat- 
ing yields acridone M.P. 354®. With methyl sulphate 
and alkali yields methyl^cylic acid M.P. loi®. 

I94®d. Protocatechuic (HO),C|H4<X)OH (1:2:4) 

Sol. in water. Blue-green colour with FeQ| in water. 
Ofl heating yields catechol M.P. 104® and COf. 
Reduces ammon. AgNO,. Methyl ester M.P. 134®. 
Ethyl ester M.P. 134®. Diacetyl deriv. M.P. 151®. 
With methyl sulphate and alkah yields veratric add 
M.P. 179.® 

2oo®d. Coumaric HO-C*H4 CH:CH’COOH (1:2) 

Sparingly sol. in water. Unsaturated. Gives appte. 
with FeQ*. On fusion with KOH yields salicylic 
add M,P. 155®. With cone. HBr yields coumarin 
M.P. 67® on standing. />-Nitrobenzyl ester M.P. 152®. 
Acetyl deriv. M.P. 146®. 

200® m-Hydroxybenzoic HO*C4H4<X)OH (1:3) 

Slightly sol. in water. Gives no colour with FeO,. 
On heating with soda-lime yields phenol. Methyl 
ester M.P. 70®. Ethyl ester M.P. 72®. Acetyl d»iv. 
M.P. 127®. With methyl sulphate and alkaU yields 
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M.r. 

m-methoxybenzoic acid M.P. io6**, ^Nitrobenryl 
ester M.P. io6®. 

207® Vanillic HOC,H,(OCH,)‘COOH {1:2:4) 

Sparingly sol. in water. Gives no colour with FeCl|. 
On boiling with 48% HBr yields protocatechuic acid 
M.P. 194®. Heated wth soda-lime yields guaiacol 
M.P. 28®. B.P. 205®. Methyl ester M.P. 62®, B.P. 
285®. Ethyl ester M.P. 44®, B.P. 292®. />-Nitro- 
benzyl ester M.P. I40®d. Acetyl deriv. M.P. 142®. 
On raethylation yields veratric acid M.P. 179®. 

213'" p-Hydroxybenzoic HO CiHiCOOH (1:4) 

Sparingly sol. in water. Gives red colour with FeCI,. 
Heated with soda-lime yields phenol. Methyl ester 
M.P. 131®. Ethyl ester M.P. 116®. p-Nitrobenzyl 
ester M.P. 198®. Acetyl deriv. M.P. 185®. On 
methylation jdelds anisic acid M.P. 184®. 
d.2oo Tannic (digallic) C,4H„0, + 2H,0 
-220® Sol. in water. Deep blue colour with FeCl,. Easily 
oxidised ; soln. in NaOH turns brown in air. 
On heating yields pyrogallol M.P. 133® and CO,. 
Astringent (coagulates soln. of gelatine). 

222® 2-Hydroxy-3-naphthoic HOCi,H,*COOH (2:3) 

Slightly sol. in cold water ; soln. gives blue colour 
with FeCl,. Methyl ester M.P. 75®. Acetyl deriv. 
M.P. 185®. Benzoyl deriv. M.P. 208®. 

263® Gallic (HO),C,H,COOH (i:2:3:5) 

Readily sol. in hot water. Blue-black pptc. with FeCl ,• 
Easily oxidised [cf. Tannic Acid) . Doesjiot coagulate 
gelatine soln. On heating yields pyrogallol M.P. 
133® and CO,. Ethyl ester M.P. 141®. Triacetyl 
deriv. M.P. i7o®d. With methyl sulphate and alkali 
yields trimethylgalUc acid M.P. 167®. 


ALKYL- and ACYL-HYDROXY ACIDS 

SOLID 

M.f. 

96^ Pbenoxyacetic CgHjO-CH.-COOH 

B.P. 285®. Sol. in water. Gives yellow ppte with 
FeQ, in water. Yields phenol and bromoacetic add 
[q.v.) on boiling with 48 % HBr. Yields 2:4-dinitro- 
phenol M.P. x 14® on warming withdil. HNO,. Methyl 
ester B.P. 245®. Ethyl ester B.P. 251®. Amide M.P. 
lox®. Anilide M.P. 99®. 
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loi® Methylsalicylic CH,0*C,H4*C00H {1:2) 

Sparingly sol. in water. Gives no colour with FeQ,. 
On heating with soda-lime yields anisole B.P. 154®. 
On boiling with 48 % HBr yields salicylic acid M.P. 
155®. Methyl ester B.P. 228°. Ethyl ester B.P. 
235®. Chloride B.P. 254®. Amide M.P. 128®. Anilide 
M.P. 62®. 

135® AcetylsaJicylic (' Aspirin ') CH4*COO-C4H4 COOH (1:2) 
Sparingly sol. in water. Gives no colour with FeCl,. 
Yields acetic acid and salicylic acid M.P. 155® on 
boiling with alkali. Ethyl ester B.P. 272®. p- 
Nitrobenzyl ester M.P. 140®. Chloride M.P. 43®, 
B.P. I35°/I2 mm. 

184® Anisic CH.O CiH^ COOH (1:4) 

B.P. 280®. Sparingly sol. in water. On heating with 
soda-lime yields anisole B.P. 154®. On boiling with 
48 % HBr or on fusion with KOH yields />-hydroxy- 
benzoic acid M.P. 213®. Methyl ester M.P. 45®, 
B.P. 255®. Ethyl ester M.P. 7®, B.P. 269®. p~ 
Nitrobenzyl ester M.P. 132®. /)-Bromophenacyl ester 
M.P. 152®. Chloride M.P. 22®, B.P. i45®/i4 mm. 
Amide M.P. 162®. Anilide M.P. 168®. 

207® Vanillic. See Aromatic Hydroxy Acids. 

216® Piperic. See Unsaturated Acids (Solid). 

KETONIC ACIDS 

SOLID 

13® Pyruvic CH.COCOOH 

B.P. 165®. D. 1*288 (18®). Miscible with water. 
Readily decolorises bromine water and KMnOi. 
Reduces aramon. AgNO,. Ammoniacal soln gives 
violet colour with nitroprusside, changed to red with 
KOH and to blue with acetic acid. With ^-naphthol 
in cone. HjSO* gives red colour, changing to blue 
on warming. Yields iodoform M.P, 119® with iodine 
and alkali. On warming with aniline and benzalde- 
hyde in ale, yields phenylcinchoninic acid M.P. 208®. 
Withphenylhydrazinein ether yields unstable phenyl- 
hydrazone M.P. 192®. ^Nitrophenylhydrazone M.P. 
219®, Methyl ester B.P. 135®. Ethyl ester B.P. 155®. 

33® Levulinic CH,-CO[CHJ,-COOH 

B.P. 245®d. D, 1*137 (* 5 ®)* Sol. in water. Readily 
oxidised by chromic acid with formation of acetic. 
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mal(Hiic, and succinic acids (q.v.). With aCetic anhy- 
dride forms an acetoxyl Intone M.P. 78®. Yields 
iodoform M.P. iig® in the cold with NaOH and iodine. 
Phenylhydrazone M.P. 108®, on heating yields a 
pyridazolone deriv. M.P. 81®. p-Nitrophenylhydra- 
zone M.P. 174®. Oxime M.P. 90®. Semicarbazone 
M.P. i87®d. Methyl ester B.P. 191®. Ethyl ester 
B.P. 202®, p-Nitrobenzyl ester M.P. 6i®. p-Bromo- 
phenacyl ester M.P. 84®. 

ACID ANHYDRIDES 


LIQUID 


138® 

Acetic 

D. 1-097 (o®)* Irritating odour. Slightly 

162® 

Propionic 

sol. in cold water. 

D. X-034 (0®). 

191® 

»-Butyric 

D. 0-978 (18®). 

213® 

Citraconic 

M.P. 7®. D. 1*262 (4®). 

1 . 7 . 

42" 

Benzoic 

SOLID 

B.P. 360®. Very slowly decomposed by 

56® 

Blaleic 

boding water. 

B.P. 202®. Readily decomposed by warm 

119® 

Succinic 

water. 

B.P. 250®. Readily decomposed by warm 

130- 

Phthalic 

water. 

B.P. 284®. Insol. in cold water, readily 


{with decomp.) in hot. On warming with CH,OH 
yields monomethyl ester M.P. 85®. With Zn dust + 
acetic acid yiekb phthalide M.P. 73®. On fusion 
with resorcinol and trace of cone. HgSO, yields 
fluorescein {cf. Phthalic Acid M.P. 195®). 

221® d-Camphoric B.P. 270®. Readily yields i-camphoric acid 
M.P. 187® on boiling with water. With Na amalgam 
-f- ale. yields camphohde M.P. 210®. With cone. 
NH4OH yields camphoraminic acid M.P. 174®. 

ALKYL ESTERS OF SIMPLE CARBOXYLIC ACU^ 

LIQUID 

32® Methjrl Formate D. 0-999 (o®) 
lusdble with water. 
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5 / 

Ethyl Formate 

D. 0*938 (0°) 


Sol. in 8 vols of cold water. 

if 

Methyl Acetate 

D. 0*958 (0°) 


Sol. in 3 vols of cold water. 

68° 

jsoPropyl Formate 

D. 0*883 (0°) 

If 

Ethyl Acetate 

D. 0*924 (0°) 


Sol. in 12 vols of cold water. 

If 

Methyl Propionate 

D. 0*937 (0®) 

8i° 

«-Propyl Formate 

D. 0*918 (0°) 


Sol. in 42 vols of cold water. 

83° 

Allyl Formate 

D. 0*948 (18°) 


Pungent odour. 

89° 

Methyl Carbonate 

D. 1*065 (17®) 

91° 

/soPropyl Acetate 

D. 0*917 (0°) 

92° 

Methyl isoButyrate 

D. 0*911 (0°) 

98° 

isoButyl Formate 

D. 0*885 (0°) 


Sol. in 88 vols cf cold water. 

98° 

Ethyl Propionate 

D. 0*912 (0°) 

101° 

ft-Propyl Acetate 

D. 0*910 (0°) 

102° 

Methyl «-Butyrate 

D. 0*919 (0°) 

104° 

Allyl Acetate 

D. 0*938 (0°) 


Sharp odour. Dibromide B.P. 227°. 

107° 

«-Butyl Formate 

D. 0*911 (0°) 

110° 

Ethyl isoButyrate 

D. 0*890 (0°) 

116° 

Methyl isoValerate 

D. 0*900 (0°) 

h6° 

i5oButyl Acetate 

D. 0*892 (0°) 

120° 

Ethyl w-Butyrate 

D. 0*900 (0°) 

122° 

n-Propyl Propionate 

D. 0*902 {0°) 

124° 

isoAmyl Formate 

D. 0*894 (0®) 


Sol. in 280 vols of cold water. 

126° 

Ethyl Carbonate 

D. 0*976 (20°) 

126° 

n-Butyl Acetate 

D. 0*901 (0°) 

127° 

Methyl n- Valerate 

D. 0*910 (0°) 

128° 

woPropyl n-But3rrate 

D. 0*879 (0°) 

134" 

Ethyl jjoValerate 

D. 0*885 (o“) 

137® 

woButyl Propionate 

D. 0*888 (0°) 

139" 

isoAmyl Acetate 

D. 0*884 (0®) 


Odour of banana. 

Sol. in 400 vols of cold water. 

143* 

»-Propyl n-Butyrate 

D. 0*893 (f) 
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145“ 

146^ 

147** 

150“ 

157“ 

160*^ 

162® 

165** 

166“ 

168® 

173" 

175** 

178“ 

i8i® 


182* 

186“ 


187** 


189“ 

190” 

190“ 

190" 

193* 

195" 

196* 


Ethyl H- Valerate 
ii-Butyl Propionate 
isoButyl ijoButyratc 
Methyl Caproate 
isoButyl n-Butvrate 
isoAmyl Propionate 
Cyclohexyl Formate 
n-Butyl «-Butyrate 
Ethyl n-Caproate 
tt-Propyl Carbonate 
Methyl Heptylate 
Cyclohexyl Acetate 
wo Amyl «- Butyrate 
Methyl Malonatc 


D. 0*894 (o®) 
D. 0 895 {o**) 
D. 0.875 M 
D. 0.904 (o®) 
D. 0 880 (o®) 
D. 0-888 (0®) 
D. I 010 (0°) 
D. 0-888 (0®) 
D. 0 889 (o®) 
D. 0-949 [nl 
D. 0-898 (o®) 
D. 0-972 {19®) 
D. 0 882 (o®) 
D, 1175 (o') 


Decolorises bromine in the cold. Cf. Ethyl Malonate 


B.P. 198®. 

Ethylene Glycol Monoacetatc 
iliscible with water. 


Ethyl Oxalate D. 1-103 (o') 

Slightly sol. in water. With ale. NH, in cold yields 
ethyl oxamatc M.P. 114®. With NHiOH in excess 
yields oxamide (subl. without melting). On warming 
with aniline yields oxanilide M.P. 247®. 

Ethylene Glycol Diacetate D. 1128 (o®). 

Sol. in 7 vols of cold water. On boiling with 48 % 
HBr ^elds ethylene bromide B.P. 129®. With HBr 
gas yields ^-bromoethyl acetate B.P. 162®. 

Ethyl fi-Heptylatc D. 0-888 (0®) 


woPropyl Oxalate D. i-oio (18®) 

With NH4OH in excess yields oxamide M.P. 418®. 
C/. Ethyl Oxalate B.P. 186®. 


fsoButyl Carbonate 
fsoAmyl isoValerate 
Methyl Caprylate 
Methyl Succinate 
Sol. in cold water. 


D. 0-919 (15') 

D. 0-870 (o“) 

D. 0-894 (0**) 

M.P. i8®. D. 1-120 (18®) 


Ethyl Methylmalonate D. 1-019 (13^) 

Decolorises bromine in the cold. On treating Na 
deriv. with benxyl chloride yields ethyl methyl- 
benxylmalonata B.P. 300® ; this on hydrolysis yie^ 
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methyl benzylmalonic acid M.P. 135M., which on 
heating yields methylbenzylacetic acid M.P. 37®, 
B.P. 272®. 

198® Ethyl Malonate D. 1*076 (o®) 

Forms a Na deriv. with C,HjONa in ale., but dis- 
plays no acidic properties in water. Decolorises 
bromine in the cold. With cone. NH4OH yields 
malonamide M.P. 170®. On treating Na deriv. in 
absolute ale. with (i mol.) benzyl chloride yields 
ethyl benzylmalonate B.P. 300®, which on hydrol)^ 
yields benzylmalonic acid M.P. 117® ; this on heating 
loses CO I to form hydrocinnamic acid M.P. 48®. 
198^ Methyl Benzoate D, 1*103 M* 

On treating cold sola, in cone. H,S04 with (i mol.) 
cone. HNOj yields methyl m-nitrobenzoate M.P. 78®. 
203° Benzyl Formate D. i*o8i (23®) 

206® Ethyl Caprylate D. 0*884 (o®) 

207® n-Butyl Carbonate D. 0*941 (o®) 

209® Trimethylene Glycol 

Diacetate D. 1*070 (19®) 

Sol. in 9 vols of cold water. With HBr gas yields 
y-bromopropyl acetate B.P. 185®. 


2t3» 

n-Propyl Oxalate D. 1*038 (o®) 

C/. Ethyl Oxalate B.P. 186®. 

213° 

Methyl Pelargonate 

D. 0*892 (0®) 

213° 

Ethyl Benzoate 

On adding (i mol.) 
H1SO4 yields ethyl 

D. 1*066 (0®) 

cone. HNO, to cold soln. in cone, 
m-nitrobenzoate M.P. 47®. 

216® 

Benzyl Acetate D. 1*062 (15®) 

On adding to cold fuming HNO, yields />-nitrobcnzyl 
acetate M.P. 78®. 

216® 

Ethyl Succinate 

D. 1-049 (15°) 

218® 

jsoPropyl Benzoate 

D. 1023 (0°) 

218® 

Methyl Phenylacetate 

D. 1*044 

227® 

Ethyl Pelargonate 

D. 0*866 (17®) 

228® 

isoAmyl Carbonate 

D. 0*912 (15®) 

229® 

fsoButyl Oxalate 

D, 1*002 (14®) 

229® 

Ethyl Phenylacetate 

D. 1056 (4*) 

230® 

n-Propyl Benzoate 

D. 1025 (‘S”) 

230® 

Allyl ^nzoate 

D. 1-067 (4') 

232® 

Methyl Caprate 

D. 0-876 (18°) 
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238® Benzyl n-Butyrate D. X'033 (16®) 

241® isoButyl Benzoate D. i-oi2 (4®) 

243® n-Butyl Oxalate D. i-ooi (o®) 

With ale. NH, yields ii-butyl oxamatc M.P. 88®. 
245* Ethyl Caprate D. o*8^ (18®) 

246® ti-Propyl Succinate D. i‘Oi6 {4®) 

247® isoButyl Phenylacetate D. 0 999 (18®) 

249® «- Butyl Benzoate D. 1*020 {4®) 

254® w-Butyl Phenylacetate D. 0*996 (18®) 

258® Glycerol Triacetate 

(Triacetin) D. 1*161 (15®) 

Sol. in 16 vols cold water, miscible with ether and 
with benzene. With HBr gas yields dibromo-iso- 
propyl acetate B.P. 227®. 

260® Glycerol Diacetatc 

(Diacetin) D. 1*176 (15®) 

Sol. in water, sparingly sol. in ether and in benzene. 


d. 

Glycerol Monoacetate 




(Monacetin) D. 

1*218 (15®). B.P. 158®/ 15 mm. 


Miscible with water, 
benzene. 

slightly sol. in 

ether, insol. in 

262® 

fsoAmyl Oxalate 

D. 0*968 (II®) 


262® 

isoAmyl Benzoate 

D. 1*004 (0®) 


265® 

isoButyl Succinate 

D. 0*974 (15*’) 


268® 

Methyl Laurate 

D. 0*869 (19®) 

M.P. 5®. 

269® 

Ethyl Anisate 

D. 1*119 (4") 

M.P. 7®. 

269® 

Ethyl Laurate 

D. 0*867 {13”) 


271® 

Ethyl Cinnamate 

D. 1*050 (20®) 


Dibromide M.P. 74®. 



282® 

Methyl Phthalate 

D. 1*196 {19®) 


289® 

Glycerol Tripropionate 

D. 1*083 (19®) 



(Tripropionin) 


296® 

Methyl Myristate 

D. 0*873 (19®) 

M.P. 18®. 

297* 

isoAmyl Succinate 

D. 0*961 {13®) 


298® 

Ethyl Phthalate 

D. 1*117 (20®) 


300* 

Ethyl Benzyhnalonate 

D. 1*077 (isT 


Decolorises bromine in the cold. 


30** 

isoPropyl Phthalate 

D. 1*065 (19®) 


306* 

Ethyl Myristate 

D. 0*865 (19®) 

M,P. n®. 

307* 

Ethyl Sebacate 

D. 0*965 (16®) 





ARYL ESTERS OF CARBOXYLIC ACIDS 155 

B.P. 

3 i 8 » 

Glycerol Tributyrate 



(Tributyrin) D, 1-033 (17®) 

3 * 3 ° 

Benzyl Benzoate 

D. I -1 14 (18®) M.P. 18®. 

338'’ 

»-Butyl Phthalate 

D. I 050 {19®) 

349° 

isoAmyl Phthalate 

D. 1-024 (19“) 



SOLID 

u.r. 

IS'* 

Benzyl Benzoate 

B.P. 323® (see above) 

19 ^* 

Methyl Succinate 

B.P. 195® (see above) 

24® 

Ethyl Palmitatc 

B.P. i85®/io mm. 

29® 

Bomyl Acetate 

B.P. 221® 

30° 

Methyl Palmitate 

B.P. i82®/i 2 mm. 

33 '’ 

Ethyl Stearate 

B.P. 2oo®/io mm. 

36'’ 

Methyl Cinnamate 

B.P. 263® 


Dibromide M.P. ] 

[ 17 °. 

38'’ 

Methyl Sebacate 

B.P. 288®d. 

38^ 

Methyl Stearate 

B.P. I99®/I2 mm. 

39 ^ 

Benzyl Cinnamate 


42'’ 

Benzyl Phthalate 


42® 

Benzyl Succinate 

B.P. 238®/I4 mm. 

44“ 

Cinnamyl Cinnamate 

Dibromide M.P. 151°. 

45 '’ 

Methyl Anisate 

B.P. 255®. 

51^ 

Methyl Oxalate 

B.P. 163®. 

65^ 

Glycerol Tripalmitate (Tripalmitin) 


Sol in 20,000 parts cold absolute ale. ; readily sol. 


in ether. 


71'’ 

Glycerol Tristearate (Tristearin) 


Almost insol. in 

cold ale., sparingly sol. in ether. 


readily sol. in CHCl, and in benzene. 

73 *’ 

Ethylene Glycol Dibenzoate 

80^* 

Benzyl Oxalate 

B.P. 235®/i4 mm. 


B.». 

ARYL ESTERS 

OF CARBOXYLIC 

LiguiD 

ACIDS 

196® 

Phenyl Acetate 

D. i-o8i (15®) 


208® 

o-Cresyl Acetate 

D. 1-048 (19®) 


211® 

Phenyl Propionate 

D. 1-054 (* 5 ") 

M.P. j 
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•JP. 

212® m-Cresyl Acetate 

212® j^-Cresyl Acetate D. 1-050 (23®) 

227® Phenyl n-Butyrate D. 1-027 (*5*) 

244® Thymyl Acetate D. 1009 (o®) 

278® Resorcinol Diacetate D. 1-180 (19®) 

283® Resorcinol Monoacetate Sec Phenols (Liquid) 

307® o-Cresyl Benzoate D. 1-114 (*9°) 

SOLID 

M-P. 

20® Phenyl Propionate B.P. 211® (sec above) 

33® Thymyl Benzoate 

54® m-Cresyl Benzoate 
60® o-Cresyl Carbonate 

On heating with soda-lime to 150® yields a brown 
substance which forms a red soln in alkalies. 

68® Phenyl Benzoate B.P. 299® 

70® Phenyl Phthalate 

71® />*Cresyl Benzoate 

72® Phenyl Cinnaraate 

78® Phenyl Carbonate B.P. 306® 

107® ^Naphthyl Benzoate 
III® »fi-Cresyl Carbonate 
1 15® ^resyl Carbonate 
1 17® Resorcinol Dibenzoate 

123® Hydroquinone Diacetate 
x6i® Pyrogallol Triacetate 

ESTERS OF ALIPHATIC HYDROXY ACIDS 

LIQUID 

BJP. 

145® Methyl Lactate D. 1-090 (19®) 

Miscible with water. On adding 2 drops of a 1-2 % 
soln. of anisaldehyde in ale. to 2 c.c. of aqueous soln. 
and then 2 c.c. of cone. H|SO| below the surface, 
upper layer has green colour. Benzoyl d«iv. B.P. 
i55®/i5 mm. 

154® Ethyl Lactate D. 1-031 (19®) 

Miscible with water. Cdoor test: see Methyl 
Lactate B.P. 145®. With acetyl chloride yields ethyl 
acetyl-lactate B.P. 177®. Benzoyl deriv. B.P. 288®. 
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280® Ethyl <i-Tartrate D. 1199 (20®). M.P. 17® 

Optically active, [a] d = +9*3°. Miscible with water. 
On boiling with excess of acetic anhydride 3delds 
diacetyl deriv. M.P. 67®. Dibenzoyl deriv. M.P. 57®. 
Dicarbanilate M.P. 164°. 

294® Ethyl Citrate D. 1-137 (20®) 

Acetyl deriv. B.P. i97®/i5 mm. (d. 250-280® yielding 
acetic acid and ethyl aconitate B.P. 275®). Car- 
banilate M.P. 67®. 

d. «-Butyl i-Tartrate B.P. i97®/i5 mm. D. 1-098 {15®). 
M.P. 22®. Optically active, [a] D = -f 11-3®. Diacetyl 
deriv. B.P. 2i4°/2o mm. 

d. fi-Butyl Citrate B.P. 233®/! 7 ram. D. 1-050 {18®) 


37® Ethyl Mandelate B.P. 254®. 

With NH4OH yields amide M.P. 131®. Benzoyl deriv. 
M.P, 73®. 

48® Methyl d-Tartrate B.P. 280® 

Exists in a second modification M.P. 61®, which is 
less sol. in water and in benzene. Optically active, 
rotation varies widely with solvent. Diace^l deriv. 
M.P. 103®. Dibenzoyl deriv. M.P. 132°. Dicarbanil- 
ate M.P. 144®. 

58® Methyl Mandelate B.P. i44®/20 ram. 

With NH4OH yields amide M.P. 131®. 

61® Methyl rf-Tartrate Cf. Methyl ^f-Tartrate M.P. 48®. 
79® Methyl Citrate B.P. 285 ®d., i76®/i6 mm. 

Acetyl deriv. B.P. 281 ®d. (yielding acetic acid and 
methyl aconitate B.P. 270®), I7i®/i5 mm. 

ESTERS OF AROMATIC HYDROXY ACIDS 

LIQUID 

B.P. 

224® Methyl Salicylate D. i-iqq (4®) 

CWour of wintergreen. Violet colour with FeCl, in 
water. Sol. in 2 % (or more dil.) NaOH ; with 3 % 
(or stronger) NaOH, Na deriv. separates in cryst. 
form. Acetyl deriv. M.P. 48®. Benzoyl deriv. M.P. 82®. 
Carbanilate M.P. 96®. Methyl ether B.P. 228®. 
/>-Nitrobenzyl ether M.P. 128®. 

234® Ethyl Salicylate D, 1-147 ( 4 “)- H.P. i® 

Violet colour wth FeCl, in water. Sol. in 6 % (or 
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more dil.) NaOH ; Na deriv. separates on shaking 
with 8% (or more cone.) NaOH. Acetyl deriv. 
B.P. 272®. Benzoyl deriv. M.P. 79°. CarbanUate 
M.P. 98®. Methyl ether B.P. 235®. ^Nitrobenzyl 
ether M.P. 125®. 

237® isoPropyl Salicylate D. 1*095 (* 9 ®) 

Violet colour with FeCl, in water. Sol. in 5 % (or 
more dil.) NaOH ; Na deriv. separates as an oil with 
10 % NaOH. 

239® n-Propyl Salicylate D. 1*098 (15®) 

Faint violet colour with FeCl, in water. 

268® n-Butyl Salicylate D. 1074 (19®) 

Faint violet colour with FeCl, in water. Sol. in i % 
(or more dil.) NaOH : with 2 % (or more cone.) 
NaOH, Na deriv. separates as a gel (mixture soUdihes). 
Methyl ether B.P. 287®. ^Nitrobenzyl ether M.P. 92®. 
277® isoAmyl Salicylate D. 1*065 (15®). 

Faint violet colour with FeCl, in water. Sol. in i % 
(or more dil.) NaOH ; with 1*5 % NaOH Na deriv. 
separates as a curd, while with 2 % (and more cone.) 
NaOH mixture sets to a gel. 

320® Benzyl Salicylate B.P. 2o8®/26 mm. 

SOLID 

a.r. 

42® Phenyl Salicylate (Salol). B.P, 172®/! 2 mm. 

No colour with FeC!,. On heating under atm. press. 
)delds phenol and xanthone M.P. 173®. Acetyl deriv. 
M.P. 97®. Benzoyl deriv. M.P. 80®. Carbanilate 
M.P. 241®. Methyl ether M.P. 59®. 

70® Methyl w-Hydroxybenzoate 

Violet colour with FeCl, in water. Methyl ether 
B.P. 237'. 

72® Ethyl m-Hydroxybenzoatc. B.P. 282®. 

Violet colour with FeCl, in water. Benzoyl deriv. 
M.P. 58®. Carbanilate M.P. 1 1 5®. Methyl ether B.P. 
260®. 

95® ^Naphthyl Salicylate. 

Violet colour with FeQ, in water. Acetyl deriv. M.P. 
136®. Carbanilate M.P. 268®. 

116® Ethyl ^Hydroxybenzoate. 

Violet colour with FcQ, in water. Benzoyl deriv. 
M.P. 89®. CarbanilateM.P. 134®. Methyl ether M.P. 
7®, B.P. 269®. 
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M.P. 

131® Methyl ^-Hydroxybenzoate. 

Violet colour with FeCI, in water. Acetyl deriv. M.P. 
85®. Benzoyl deriv. M.P. 135®. Methyl ether M.P. 
45®, B.P. 255®. 

ESTERS OF KETONIC ACIDS 

LIQUID 

135® Methyl Pyruvate CH.CO COOCH, 

D. 1*154 (0®). Oxime M.P. 68®. Semicarbazone 
M.P. 208®. 

155® Ethyl Pyruvate CH, CO*COOC,H, 

D. I *080 (14®). Oxime M.P. 94®. Semicarbazone 
M.P. 2o6®d. I^enylhydrazone M.P. 1 16®. On warm- 
ing with urea in ale. yields an insol. deriv. M.P. 2oo®d. 

169® Methyl Acetoacetate CH,*CO CH,*COOCH, 

D. I *081 (15®). Red colour with FeCli in water. 
With NH, in ether yields methyl ^-aminocrotonate 
M.P. 85®. Cf. Ethyl Acetoacetate B.P. 181®. 

181® Ethyl Acetoacetate CH, CO CH, COOC,H, 

D. 1*031 (16®). Slightly sol. in water, sol. in dil. 
NaOH. Red colour with FeClj in water. Combines 
readUy with NaHSO,. With dil. ale. KOH in cold 
or with mineral acids, yields acetone, ethyl ale., and 
CO I ; with cone. ale. KOH in cold yields K acetate. 
Forms a Na deriv. with C,H,ONa in abs. ale. ; this 
on treatment with benzyl chloride yields ethyl benzyl- 
acetoacetate B.P. 283®, which with dil. ale. KOH 
yields methyl ^-phenylethyl ketone B.P. 235®. With 
NH, in ether yields ethyl /?-aminocrotonate M.P. 
33®, B.P. 154®. Semicarbazone M.P. i29°d. With 
hydroxylamine HCl in water yields a compd. d.140® 
(insol. in ale. and in water, sol. in dil. NaOH) ; with 
hydroxylamine base in water at 40-50® yields methyl 
isoxazolone M.P. i69®d. On warming with phenyl- 
hydrazine yields methylphenylpyrazolone M.P. 127®. 

187® Ethyl Methylacetoacetate CH,CO*CH{CH,)COOC,H, 

D. 1*024 (15®). Sol. in dil. NaOH. Violet colour 
with F^l, in water. With dil. KOH yields methyl 
ethyl ketone B.P. 80®. On adding NaNO, to soln in 
dil. NaOH and acidifying in cold yields diacetyl- 
monoxime M.P. 74® ; tins with hydroxylamine yields 
dimethylglyoxime M.P. 240®. 

198“ Ethyl Ethylacetoacetate CH,*CO*CH(C,H,)COOC,H, 

D. 0*983 (10®). Sol. in dil. NaOH. Blue colour with 
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FeQ, in water. With dil. KOH yields methyl n- 
propyl ketone B.P. xo2°. On boiling with C,H|ONa 
in adc, yields ethyl acetate and ethyl «-butyrate B.P. 
120®, On adding NaNO, to soln in dil. NaOH and 
acidifying in cold yields methyl tsonitrosopropyl ketone 
M.P. 53 “. 

205® Ethyl Levulinate CH,:COCH,CH,.COOC,H, 

D. I 016 (20®). Appreciably sol. in water, not more 
so in NaOH. Combines slowly with NaHSO,. On 
boiling with dil. NaOH yields Na levulinate {free acid 
M.P. 33°, B.P. 2^5“). Oxime M.P. 38®. imicarb- 
azone M.P. 135®. Phenylhydrazone .M.P. no®. 

250® Ethyl Acetonedicarbo.xylate. CO(CH,COOC,H,), 

D. I I 13 (20®). Sparingly sol. in water, sol. in dil, 
NajCOj or NaOH soln. Red colour witli FcCl| in 
water. With Na acetate and CuSOj soln. yields 
sp^gly sol, Cu salt (v. sol. in CHCl,) M.P. 142®. 
With cone. ale. KOH yields K acetate and malonate. 
With cone. NH4OH below 0® yields a dcriv. M.P. 86®. 
With aniline in cold yields ethyl ^-anilinoglutaconatc 
M.P. 97®. With phenylhydrazinc yields ethyl methyl- 
phcnylpyrazolonecarboxylate M.P. 85® (free acid M.P. 
134®). Semicarbazone M.P. 94®. 

LACTONES 

SOLID 

XH:CH (I) 

67® Coumarin C,H4<; | 

\0--C0 ( 2 ) 

B.P. 290®. Fairly sol. in hot water. Characteristic 
odour. Unsaturated. Dibromide M.P, 105®. On 
boiling with Ba(OH), soln. yield.s a sol. salt from 
which coumarin is regenerated by CO, or acids ; this 
soln. on shaking with methyl sulphate and then acidi- 
fying yields cis-o-methoxycinnamic acid M.P. 88®. 
On long boiling with cone. KOH yields a soln. with 
grwn fluorescence, from which HCl pptes. coumaric 
add M.P. 2o8®d., and on mcthylation yields frans-u- 
methoxycinnamic add M.P. 185®. ReadUy sol. in 
cone. HCl; soln. yields an insol. platinicWoride 
M.P. 95-100®. On standing with cone. soln. of HgCl, 
in ethCT or in 25% ale. yields additmn product 
M.P. 164®. ^ 
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73® Phthalide C,H 

B.P. 290®. On boiling with alkali yields o-hydro3cy- 
methylbenxoic acid M.P. 120®. Re^y oxuhsed by 
KHnO« to phthalic acid M.P. 195®. On warming 
with PQ| yidds o-chloromethylbenzoyl chloride B.P. 
I35®/I2 mm. which with water yields o-chloromethjd- 
benxoic add M.P. 131®. On long heating with 
(NH4)/X), yields j^thalimidine M.P. 150®. 

128® Lactide CH,HC-COO 

d-CO-iHCH, 

B.P. 255®. On boiling with water or alkali yields 
lactic a^ [q.v.). 

250® Phenoli^thalein See I^nols (Solid). 

CARBOHYDRATES 

M.» 80UD 

95- Levulose (Fructose, Fruit Sugar) 

105® CH.OH[CH(OH)],CO*CHf>H 

[a] D in water : ~ 106® (immediately atl^ dissolving) 
falling to constant value ~ 92® after 35 minutes or 
on addition of a trace of NatCO|. Extremely soL 
in cold water ; sol, in 12 parts of cold abs. ale. Re> 
duces Fehling's soln in cold, and Cu acetate in ^ 
acetic add on warming. Gives red colour on heating 
with resordnol + cone. HCl. On bdling with 10% 
HG yields furfural (vapours redden aniline acetate 
paper). Yields no saccharic add with HNO,. Gives 
no ppte with ammon. CuSO«. Gives blue colour on 
warmmg with NH4 molybdate (specific for levulose). 
Not oxidised by bromine water in cold. Phmiyl* 
osaxone M.P. 205® separates after 5 minutes. Methyl- 
phenylhydraione M,P. 159®. Methylphcnylosaione 
M.P. 152®. ^Naphthylhydraione M.P. i6i® is 
readily sol in water. Oxum M.P. 1x8®. 

100® Maltose C,«H,|Ou H ,0 

Loses water with difficulty ; decomposes on heating 
to 1X0®. (a]0 in water: +96® (immediately after 
di8«)lving) rising to constant value + 137® (calc, on 
anhydrous sugar) after 5 hours or on adding trace of 
NH*. Readily sol in cold water, sparingly sol in 
abs.alc.,sd.inhotCH^H. Reduces Fehhng's sc^ 
bat not Cu acetate in dll. acetic add. On wanning 
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with very dU. HCl yields dextrose (q.v.) ; resulting 
soln has [alo + 52 8^ (calc, on hydrated maltose), 
reduces about 50% more Fehling’s soln than before 
hydrdysis, and yields phenylglucosjtfone M.P. 205® 
with phenylhydratine. Bicnylosaione M.P. 206® 
(formed on warming for x hour) is sol. in hot water, 
slightly in cold. Phenylhydraione M.P. 130® d. 
On boiling with acetic anhydride +Na acetate yi^ 
octa-acetate M.P. 158®. 

1 18® Raffinose C,|H|tOtt + 5H,0 

Loses water at 8^105®. [o]o in water » 4 - 104®. 
Sol. in 6 parts of water at 16®, sol. in 10 parts of 
CH ,OH, insol. in abs. ale. On hydrolysis by wanning 
with dil. HCl yields dextrose, levulose and galactose. 
Does not reduce Fehling’s soln nor react with phenyL 
hydrazine. On oxidation by HNO| yields oxalic, 
saccharic and muck acids. Gives ppte with Pb acetate, 
also on shaking with sat. Ca(OH) I soln. On heating 
with acetic anhydride + Na acetate yields hendeka- 
acetate M.P. 99®. 

1 19® d-Galactose (Hydrated) See d-Galactose M.P. 166®. 

132® d-Mannose CH,OH[CH(OH)],-CHO 

[a]i> in water : - 13® (3 minutes after dissolving) 
rising to constant value *f 14*2® after 6 hours or on 
adding trace of NH,. Extremely sol. in cold water, 
sol. in 250 parts of abs. ale. Reduces Fehling's 
soln and Cu acetate in dil. acetic acid. With phenyl- 
hydrazine forms (almost immediately) a cofourto 
insol. phenylhydrazone M.P. 195® (186® on slow 
heating). Diphenylhydrazone M.P. 155®. Benzyl- 
phenylhydrazone M.P. 165*. Oxime M.P. 176-184® d. 

144® ^Xyl 08 c CH,OH[CH(OH)],CHO 

[a]i> in water : + 85® (immediately after dissolving) 
fal^ to constant value 4 19** after 2 hours or on 
adding trace of NH,. Sol. in equal weight of cold 
water; readily sol. in hot ale. Reduces Fehling’s 
soln and Cu acetate in dil. acetic add. On brnUi^ 
with 10% HCl yields furfural (vapours redden aniline 
acetate paper). Gives red cdour on warming with 
phforoglucinol + dil. HCl On boiling omc. aqueous 
soln with paraformaldehyde, difon^ deriv. M.P. 
56® separates. Pbenylosazone M.P. 160® separates 
afta 13 minutes. Diphenylhydrazone M.P. X07®. 
Benzylphenylhydrazone M.P. 99®. ^Naphthyl- 
hydiaz^ M.P. 124®. 
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146" Dextrose ((^-Glucose, Grape Sugar) 

CH,OH[CH(OH)],-CHO 
[a]i> in water : + 109* (immediately after dissolving) 
mlUng to constant -f 52*8** aiter 4*5 hours or 
on adding trace of NH|. Sol in equ^ weight of 
cold water; readily sol in hot ale. Insol in hot 
ethyl acetate. Reduces Fehling's soln . and Cu acetate 
in dil. acetic acid. On oxidation by HNO| yields 
saccharic acid. Phenylosazone M.P. 205° separates 
after 8 minutes. Methylphenylosazone M.P. 152°. 
Dtphcnylhydrazone M.P. 161®. Benzylphenylhydra- 
rone M.P. 165®. ^Naphthylhydrazone M.P. 178®. 
Oxime M.P. 137®. On boiling with acetic anhydride 
+ Na acetate yields penta-acetate M.P. in®. 

159® i-Arabinose CH,OH[CH(OH)],*CHO 

[a]o in water : + 1 70-190® (immediately after 

dissolving) falling to constant value + 105® after 
90 minutes or on adding trace of NH,. Sol in about 
1*5 part of cold water, insol in abs. ale. Reduces 
Feh^g’s soln. and Cu acetate in dil. acetic add. 
On boiling with 10% HCl yields furfural (vapours 
redden amline acetate paper). Gives red colour on 
warming with phloroglucinol + dil. HCl. Phenyl- 
osazone M.P. 157® appears as a turbidity after 30 
minutes. Methylphenylosazone M.P. 168® d. Di- 
phenylhydrazone M.P. 204®. Benzylphenylhydra- 
zone M.P. 174®. ^-Naphthylhydrazone M.P. 176®. 

160® Sucrose (Cane Sugar) C,,Ht,Oi, 

[a]o in water « + 66*5®. Sol. in half its weight of 
cold water ; sol in 80 parts of boiling abs. ale. ; sol. 
in ethyl acetate. No reaction with Fehling’s soln. 
nor with phenylhydrazine. Forms blue soln. with 
CuSO, NaOH. Gives violet colour on warming 
with Co(NO|)| + NaOH. Gives red colour on 
boiling with sat. ammon. NiSO« soln and adding 
miner^ acid. On warming with very dil. HCl 
yields dextrose -f levulose ; resulting soln. has [0]^ « 
— 37*4®, reduces Fehling’s soln., and yields phenyl- 
glucosazone M.P. 205® with phenylhydrazine. On 
oxidation with HNO, yields saccharic add. On 
boiling with acetic a^ydride + Na acetate yields 
octa-acetate M.P, 67®. 

166® d^ialactose CH,OH[CH(OH)]4CHO 

[0)0 in water : + X40® (inune^tely after dissolving) 
failing to constant value -I 8t® after 4 5 hours or on 
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MJf, 

ftHHing trace of NH«. Readily scd. in hot water, on 
cooling separates as monohydrate M,P. 1 19**. Insol. 
in ahs. ak. Reduces Fehling's soln. and Cu acetate in 
diL acetic acid. On oxidation by HNO| yields mucic 
add. Hienylosaione M.P. 196* separates after 30 
minutes. I^enylhydraxone M.P. 160^ is sparingly 
sol. in cold water. Methylphenylhydrazone M.P. 
187®. Diphenylhydraione M.P. 157®. Bensylphcnyl- 
hydrazone M,P. 189®. j^Naphthylhydrazone M.P. 
189®. Oi^e M.P. 175® d. On boiling with acetic 
anhydride + Na acetate yields penta-acetate M.P. 
142®. 

203®d. Lactose (Milk Sugar) C||H|, 0 }i + H |0 

Loses water at about 130®, turns yellow at about x6o®. 
[o]d in water : + 87® (immediately after dissolving) 
falling to constant v^ue + 52*5® after about 24 hours 
or on adding 0'i% of NH4OH. Sol. in 6 pints of 
cold water; insol. in abs. ale. Reduces Fehling's 
soln. but not Cu acetate in dil. acetic add. On warm- 
ing with very dil, HQ yields dextrose + <f-galact08e ; 
s<£i. reduces about 50% more Fehling's soln. than 
before hydrolysis. On oxidation by HNO, yields 
saccharic and mude adds. Phenylosazone M.P. 
2oo®d. (formed on wanning for 1*5 hour) is sol in 
hot water, sparingly in cold. On tailing with acetic 
anhydride + Na acetate yields octa-acetate M.P. 
95-ioo\ 

223® Inositol See Akohob (Solid). 

d. Inulin (CiHi^Oi). + H ,0 

Insol. in coM water, sol. on warming; on cooling 
separates very slowly, more readily on addition of 
ak. [a]ft « — 33 to 40®. Does not reduce FdjUng's 
soln. Gives no c^ur with iodine. On boiling with 
dH HQ or (better) oxalk add yields only kvulose 
(4.S.). On oxidation by HNO| yields neither sac- 
charic nor muck adds. 

d. Glycogen (C*HmO|)« + H ,0 

Sol. in cold water, forming opalescent soln. ; separates 
on adding ak. [a]o in water about -f 196®. Does 
not xeduce Fehlkg^s soln. With a trace of kdine 
gives red-brown colour which i^udrises on warming 
to 60® am! returns on coding. On hydrdysb by 
boiling with very diL HQ y^ds only (kartroae (g.u.) 
Soln. in water gives ppte. with bask Pb acetate sdn. 
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d. “ Dextrin ” 

A mixture ol hydrolysis products of starch. Pale 
yellowish, nearly white powder. Sol. in warm 
water, forming a viscous, opalescent soln. R^uces 
Fehling’s soln. On boiling with dU. HCl yields 
dextrose {q.v ,) ; resulting soln, reduces much more 
Fehling’s soln than before hydrolysis. Gives browo 
colour with trace of iodine. Gives no pptc with basic 
Pb acetate soln. 

d. Starch (C|Ht« 0 |)» + H ,0 

White powder; microscopic appearance of grains 
difieis characteristically in starches from diflerent 
sources. Insol. in cold water, sol. in boiling water ; 
does not separate on cooling. On boiling with dil. 
HQ yields dextrose (q.v.). Gives ppte. with tan^ 
and basic Pb acetate solns. Gives blue colour with 
trace of iodine. 

GLIKOSIDES 

U.f. 

165® a-Methylglucoside 

CH, 0 -CH[CH( 0 H)],CH-CH( 0 H)CH, 0 H 

I 0 1 

|a]p in water « + Sol. in half its weight of 

water at 17®, in 200 parts of cold al>s. ale. ; insol. in 
ether Does not react with Fehling’s soln. nor phenyl- 
hydrazine. On boiling with dil. mineral acids \ields 
CH^OH and dextrose {q.v.). Tetra-acetate M.P. 101®. 
On heating at 145- 165® with benzaldehyde-f- anhy- 
drous Na^SOi yields benzylidene deriv. M.P. ibo®. 

165® Arbutin 

HOG,H 40 CH [CH(OH)],GH-CH{OH)GH,OH ( 1 : 4) 


Sol. m hot water or ale., insol. in ether. More sol. 
in cold dil. NaOH than in cold water. Gives tnmsient 
violet colour with FeQ,. On boiling with dil, 
HiSO* yields dextrose and hydioquinone M.P. 
169®. Yields benxoquinone M.P. x 15® on boiling with 
HQ and FeQ|. Pentabcnxoyl deriv. M.P. 159-165®. 
175® HeUdn 

CHO-C,H 40 CH-[CH(OH)].GHGH(OH)-CH,OH ( 1 : 2) 

1 — 0 — I 

[o], in water - - 60-4“. Fairiy «ol. in water, readily 
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ILT. 

in ale. : insol. in ether. Restores pink colour to 
Schiff’s soln. No colour with FeQ,. On hydrolysis 
yields dextrose (q.v.) and salicylaldehyde B.P. 196**. 
With Na amalgam yields salicin M.P. 201®. 

180® Populin C,H*<XX)-CH 1*0*11 4*0*C,H„0, (i : 2) 

(Benzoyls^cin.) Levorotatory. Almost insol. in 
cold water, fairly sol. in hot water ; soluble in cone, 
adds and alkalies. Gives red colour with cone. H iSO*. 
On boiling with baiyta water yields saUcin M.P. 
201® and benzoic acid M.P. X2i®. 

185® Coniferin 

I — ° — I 

CH,OHCH(OH)CH[CH,(OH)],CHO-C.H,(OCH J-CH ; CH- 

CH.OH (1:3:4) 
[a],> in water = — 66*9®. Slightly sol. in cold water 
or ale., readily in hot water; insol. in ether. On 
warming with phenol and cone. HCl gives blue colour. 
On hydrolysis yields dextrose (q.v.) and coniferyl 
alcohol M.P. 73®. On oxidation by acid KMnO* 
or CrO, yields glucovanillin M.P. 192® ; on oxidation 
after hydrolysis yields vanillin M . P. 80®. Tetra'^cetyl 
deriv. M.P. 125®. Tribenzoyl deriv. M.P. 80®. 

201® Salicin 

CH, 0 H*C.H* 0 *CH,*(CH( 0 H)],CHCH( 0 H) CH,OH (1: 2) 

0 

[a]|> in water = — 62*5®. Sol. in hot water or hot 
ale., insol. in ether. Sol. in NaOH and in acetic 
add. On hydrolysis yields dextrose (q.v.) and sali- 
genin M.P. 86®. Gives crimson colour with cone. 
HjSO*. Oxidation after hydrolysis by add KM0O4 
or chromic add yields s^cyl^dehyde B.P. 196®. 
Reduces ammon. AgNO*. With bromine water 
yields bromo deriv. M.P. 170®. Tetra-acetyl deriv. 
M.P. 130®. 

214® Amygdalin C.H**CH(CN) 0 C„H,| 0 ,. 

Contains nitr^en. [a]o in water » —41®. On hy- 
drolysis with dll. H,SO* yields dextrose benz- 
aldehyde B.P. 179® and HCN. On hy^lysis with 
NaOH yields NH, and amygdalinic acid, which on 
hydrolysis with dil. H,SO* yields dextrose and mande- 
lie add M.P. 133®. 

2i7®d. Digit^ C|»H«. 0 „ 

9 i|^y vA, in cold water, readily in ak. ; almoet 
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insol in ether or CHG|. On hydrolysis yields dex- 
trose, a heptose, and digitalenin M.P. 210*. Soln. 
in cone. HCl or cone. HiSO* yellow; in H,S04 
containing FejtSOJ* red, then red- violet. Soln. in 
cone. H4SO4 gives deep brown colour with a drop of 
bromine water. Reduces ammon. AgNOg. 


ALIPHATIC CHLORO-HYDROCARBONS 

LIQUID 

37® isoPropyl Chloride CH,-CHC 1 *CH, 

D. 0*859 (20®). p-Naphthyl ether M.P. 41® (forms 
a picrate M.P. 92®). 

42® Methylene Chloride CH4CI* 

D. 1-378 (0®). With so^um ethylate yields ethylal 
B.P. 88®. P-Naphthyl ether BiLP. 133®. 

46® n-Propyl Chloride CH,-CH|-CH|Q 

D. o- 8 o 2 (20®). P-Naphthyl ether M.P. 39® (forms a 
picrate M.P. 75®). 

46® Allyl Chloride CH,:CH-CH,C 1 

0*955 (0®). Unsaturated. With chlorine yields 
glycerol trichlorohydrin B.P. 155®. Dibromide B.P. 
J95'’- 

51® terf. -Butyl Chloride (CH|)jCCl 

D, 0-847 (15®)/ Rapidly hydrolysed by cold water, 
yielding feri-butyl ale. M.P. 25®, B.P. 83®. 

55® Dichloroethylene CHGiCHCI 

D. 1-25. Insol. in cone. HtS04 but sol. in fuming 
sulphuric acid. Forms a dibromide M.P. 190-195®. 

60® EthyUdene Chloride CH,*CHQt 

D. I -180 (22®). With sodium ethoxide yields acetal 
B.P. 104®. Di-p-naphthyl ether M.P. 200®. 

61® Chloroform CHQ| 

D. 1*504 (12®). On warming with aniline and alco- 
holic KOH yields phenyl uoc)^de (odour). On 
wanning with resorcinol and (Ul. NaOH gives red 
colour. Colour test with pyridine, see p. 67. 

68® tsoButyl Chloride (CH,),CH*CH,a 

D. o*88o (15®). p-Naphthyl ether M.P. 33® (forms a 
picrate M.P. 80®), 

77® n-Butyl Chtoride CH.*[CHJ.*CH,q 

D, 0*887 (20®). Fhen^ ether B.P. 210®. 
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Caibon Tetrachloride CC 1 «. 

D. i*6o8 (lo^). On warming with aniline and ak. 
KOH yields f^yl tsocyanide, hat more slowly 
than chloroform. 

83® Ethylene Chloride CH|a*CH^. 

D. i*a52 (20®). On proloaged heating with aniline 
yields diphenylpiperaane M.P. 163®. Di</^naphthyl 
ether M.P, 217®. Diphenyl ether M.P. 97®. 

86® <«ri.-Amyl Chkwide (CH|)|CG*C|H| 

D. 0-870 {19®). Rapidly hydrolys^ by cold water, 
yidding <«ri>amyl ale. B.P. 102®. 

88® Trichloroethylene CHQ : CQ| 

With sodinm ethoxide yields dichlorovinyl ethyl 
ether B.P. 128®. 

98® Propylene Chloride CH,-CHQ*CH,Cl 

D i-i66 (14®). On heating with anhydrous Na ace- 
tate in acetic add yields propylene glycol diacetate 
B.P. i86®. 

100* iso Amy I Chloride (CHiliCH-CHi-CH.Cl 

D. 0-886 (o®). fNaphthyl ether M.P. 26®, B.P. 
323®d. (forms a pioatc M.P. 90®). 

1 14® ao^Trichlorocthane CH , Cl CHQ , 

D. 1*457 (lo**)- KOH yields oa-dichloroethyl- 

cne B.P. 35®. 

116® Epichlorobydrin. See Halogen Ethers. 

120® Trimethylene Chloride CH|Q*CH,-CH^ 

D. 1 180 (18®). Di-j}-naphthyl ether M.P. 148®. 
Diphenyl ether M.P. 6x*. 

121® Tetrachloroethylene CQt:CQ, 

D. 1-631 (9®-4). Forms a dibromide d.200®. 

142® Chlorocydahexane CH.-CH.-CHQ 

I I 

CH,-CH,-CH, 

D. 1*326 (15®). On boiling with ak. KOH yields 
oydbhexene B.P. 82®. 

147® s-Tetrachknoethane (Acetylene Tetrachloride) 

CHQi-CHQi 

D. 1*614 (0®). With zinc dost in alcohol yiekls 
acetylene. With ak- KOH yields trichloroethylene 
B.P. 88®. 

135® Glycerol TrichknAydrin CHfXCHaCUfi 

P. 1*417 (15®). On boiling with ak. KOH yields 
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■•P. 

ethyl propargyl ether B.P, 8o® (gives ppte. with 
ammon. AgNOg). 

161" Pentadiloroethane 

D. 1*963 (10*). On boUing with ale. KOH yields 
tetraddoroethylene B.P. 121**. 

179'’ Benzyl Chloride CgH«*CH^l 

D. 1*114 (4*’). Wanned with ale. KOH yields ethyl 
benzyl ether B.P. 185®. With fuming HNO, in 
cold yields p-nitro deriv. M.P. 71®. On boiling with 
Pb{NO,)| soln yields benzaidehyde B.P. 179®. On 
oxidation with K^,0, + Hg^4 3iields benzoic 
add M.P. 121®. Wi^ quinoline yields addition 
product M.P. 170® (forms hydrates M.P. 65® and 
129®). ^Naphthyl ether M.P. 99®. 

212® Benzal Chloride C4Hg*CHClt 

D. 1*295 (16®). On boiling with Na,CO, soln. 
yields tenzaldehyde B.P. 179®. 

213® Benzotrichloride CiHg-CCl, 

D. 1*380 (14®). On boiling with ale. yields HCl and 
ethyl benzoate B.P. 213®; with Na, 00 , soln. yields 
benzoic acid M.P. 121®. 


SOLID 

11.P. 

157® a-Bcnzene Hexachloride CHCl-CHClCHCl 

I I 

CHa*CHCl*CHCl 

Sol. in 15 parts of cold benzene. Volatile with steam. 
On heating yields HQ and 1:2: 4-trichlorobenzene 
M.P. 16®, B.P. 213®. Yields benzene B.P. 80® on 
boiling in ale. soln. with zinc. 

1 82 ® Naphthalene Tetrachloride. See Aromatic Chioro-Hydro* 

carbons. 

187® Hexachloroethane CQ,*CC 1 , 

Subl. 185®. Camphor*like odour. With Zn and dil. 
H1SO4 yields tetrachloroethylene B.P. 121®. 

310® ^-Benzene Hexachloride CHQ-CHQ-CHQ 

iHa-CHa-<!aia 

Sol. in 200 parts cold benzene. Not volatile with 
steam. More stable than o-compd ; yields 1:2:4- 
trkhlorobenzene (M.P, 16®. B.P. 213®) only on boiling 
with ale. KOH. 
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ALIPHATIC BROMO-HYDIHXARBOIIS 

UQUID 

■jp. 

38® Ethyl Bromide C,H,Br 

D. 1-450 (15®). / 1 -Naphthyl ether M.P. 37®, B.P. 
282®. 

60® isoPropyl Bromide CH|-CHBr-CH| 

D. 1-310 (20®). C/. fsoPropyl Qiloride B.P, 37®. 

70® Allyl Bromide CHirCH-CHjBr 

D. 1-436 {15®). Unsaturated. With bromine yields 
glycerol tribromohydrin B.P. 219®. 

71® H-Propyl Bromide CHi-CH,-CH,Br 

D. 1-352 (20®). Cf. w-Propyl Chloride B.P. 46®. 

72® ^ff/.-Botyl Bromide (CH,),CBr 

D. 1-202 (15®), Readily hydrolysed by cold water. 

90® sf<;.-Batyl Bromide CH,-CHBr-CH,-CH, 

D. 1*250 (25®). With Na acetate in acetic acid yields 
stf^.-butyl acetate B.P. 112®. 

91® isoButyi Bromide (CHJ,CH-CH»Br 

D. 1-273 (* 5 *)- Q- fsobutyl Chloride B.P. 68®. 

97® Methylene Bromide CH|Br| 

D. 2-498 (15®). Cf. Methylene Chloride B.P. 42®. 

100® n-Butyl Bromide CH,-[CH,],-CH^Br 

D. 1-279 (20®). Cf. n-Botyl Chloride B.P. 77®. 

108® iert.-Amyl Bromide (CH,),CBr-CtH, 

Readily hydrolysed by cold water. Cf. tert.-Amyl 
Chloride B.P, 86®. 

118® isoAmyl Bromide (CH,),CH-CH,-CH,Br 

D. I -206 (22®). Cf. tsoAmyl Chloride B.P. 100®. 

129® Ethylene Bromide CH,Br-CH|Br 

M.P. 9®. D. 2178 (20®). Addition product with 
pyridine M.P. 295®d. Cf. Ethylene Chloride B.P. 83®. 

142® Propylene Bromide CH,-CHBr-CH.Br 

D. 1-933 (20®)- Cf. Propylene Chloride B.P. 98®. 

149®' isoBotylene Bromide (CH,),CBr-CH,Br 

D. 1-759 (20®). On boilhig with ale. KOH yields 
fsocrotyl bromide B.P. 98®. 

151® Bromoform CHBr, 

M.P. 9®. D. 2-904 (15®). Cf. Chloroform B.P. 61®, 

158® /r-Butylcne Bromide CH,-CHBr-CHBr-CH, 

D. 1*83. On boiling with ale. KOH yklds mixture of 
stereoisomeric ^-bromobutylenes B.P. 84® and 93®. 
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165” a-Butylcnc Bromide CH,*CH,*CHBr*CH,Br 
D. 1-820 (20®). 

165® BtomocychhexsLae CH,-CH,-CHBr 

D. 1-326 (13®). Cf. Chlorocycibhexane B.P. 142®. 

165® Trimethylenc Bromide CH,Br'CH,Br 

D. 1-923 {17®). Addition product with pyridine 
M.P. 225®. C/. Trimethylene Chbride B.P. 125*. 
i89®d. Carbon Tetrabromide CBr« 

M.P. 92®. Cf. Carbon Tetrachloride B.P. 78®. 

198® Benzyl Bromide C,H,-CH,Br 

D. 1-438 (22®). Very irritating odour. Cf. Benzyl 
Chloride B.P. 179®. 

2oo®d. s-Tetrabromocthane CHBr*-CHBr, 

D. 2-971 (17®). Cf. i-Tetrachloroethane B.P. 147®. 
219® Glycerol Tribromohydrin CH,Br-CHBr-CH,Br 

M.P. 16®. Cf. Glycerol Trichlorohydrin B.P. 155®. 
220®d. / 3 -Bromostyrene C,H,-CH:CHBr 

M.P. 7®. D. 1-429 (19®). B.P. io8®/2o mm. Not 
attacked by boiling aic. KOH or Zn dust. With 
bromine yields tribromoethylbenzene M.P. 37®. 
With fuming HNO| at o® yields dinitxo dcriv. M,P. 
135® (sp. sol in ale.). 


ALIPHATIC lODO-HYDROCARBONS 

LIQUID 

43® Methyl Iodide CH|I 

D. 2*285 (* 5 **)- ^ PPte- AgNO, in 

cold. ^Naphthyl ether M.P. 70®, B.P. 274®. With 
dimethylaniline rapidly forms trimethylphenylam* 
moniom iodide whi^ volatilises at 220® and dis^lves 
in 90 parts of cold ale. Addition product with pyri- 
dine M.P. 117®; with quinoline M.P. 72®. 

72® Ethyl Iodide C,H,I 

D. 1*943 (* 5 ®)* Gives a ppte. with ale. AgNO, in 
cold. Wi^ dimethylaniline rapidly forms dunethyl- 
ethylphenylammoniom iodide M.P. 136® (sol. in 
-2-2 pts. cold ale.). Addition product with pyridine 
M.P. 90®; with quixu^ M.P. 159®. Cf, Ethyl 
Bromide B.P. 38®. 
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89® isoPropyl Iodide CH,*CHI-CH| 

D. 1-703 (20®). With dimcthylaniline slowly forms 
addition-product M.P. 163® (sd. in 9 parts cold ale.). 
Addition product with p^dine M.P. 114®. Cf. 
isoPropyl Chloride B.P. 37®. 

98® -Butyl Iodide (CH|),CI 

D. 1-571 (o®). Readily hydrolysed by cold water. 
Usually contains free iodine. On boiling with 
K|CO« soliL yields isobutylene and KI. 

loi® AUyl Iodide CH^CH-CH,! 

Gives a ppte. with ak. AgNOg in the cold. With 
dimethylanUine rapidly forms addition product M.P. 
86® ; with quinoline M.P. 177®. With bromine yields 
glycerol tribromohj^drin B.P. 219® and iodine. 

102® »-Propyl Iodide CH,-CH,*CH|I 

D. 1743 (20®). With dimethylanUine slowly forms 
addition product M.P. 68® ; with pyridine M.P. 52® ; 
with quinoline M.P. 145®. Cf. e-Propyl Chloride 
B.P. 46®. 

119® ssc.-Butyl Iodide CHg-CH.-CHI-CH. 

D. 1*595 (20®). CJ. s^r.-Butyl Bromide B.P. 90®. 

120® fsoButyl Iodide (CHglgCH-CHgl 

D. I *608 (19®). With dimethylaniline very slowly 
forms addition-product M.P. 155® (sol. in 4 parts 
cold ale.). Cf. isoButyl Chloride B.P. 68®. 

128® kri.-Amyl Iodide (CH,)*CI'CgHg 

D. I '479 (19®). With K,CO, soln. in the cold yields 
teri.-amyl ale. B.P. 102®. On warming with ale. 
KOH yields trimethylcthylene B.P. 38®. 

130® n-Butyl Iodide CH,*[CHJ,-CH,I 

D. 1*613 (20®). Addition-product with quinoline 
M.P. 174®. Cf. w-Butyl QUoride B.P. 77®. 

148® isoAmyl Iodide (CH,),CH*CH,-CH,I 

D. 1*473 (20®). With dimethylanUine very slowly 
forms addition-product M.P. 138® (sol. in 5-4 parts 
cold ak .) ; with quinoline M.P. 184®. Cf. isoAmyl 
Chloride B.P. 100®. 

i8o®d. Methylene Iodide CHgIg 

D. 3-285 (15®). Addition-product with pyridine 
d.22o®; with quinoline M.P. 132®. Yields methyl- 
ene bromide B.P. 97® with bromine. Cf. Methylene 
Chloride B.P. 42®. 
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SOLID 

24® Benzyl Iodide 

Diecomp. on heating. Highly irritating odour. With 
dimethylaniline rapidly forms addition-product M.P. 
165® (sol. in 37 parts cold ale.). Cf. Benzyl Qiloride 
B.P. 179®. 

81® Ethylene Iodide 

Yields ethylene bromide B.P. 129® with bromine. 
Cf. Ethylene Qiloride B.P. 83®. 

119® Iodoform CHI, 

Yellow leadets. Characteristic odour. Almost insol 
in water. A small quantity warmed with a little 
phenol in dil. alcoholic NaOH gives red colour. 
With quinoline (in dry ether) forms addition product 
M.P. 65®d. Cf. Chloroform B.P. 61®. 

AROMATIC CHLORO-HYDROCARBONS 

UQUID 

t.r. 

132® Chlorobenzene C,H,Q 

D. 1*107 (20®). On wanning to 80-90® with (2 mols.) 
HNO, in cone, HgSO, yields 2:4-dinitro deriv. M.P. 
52®. On adding to large excess of chlorosulphonic 
add in cold yidds p-sulphochloride M.P. 53® which 
with NH4OH yields the sulphonamide M.P. 143®. 
159® o-ChloiDtoluene CH,*C,H4a (i : 2) 

D. 1*081 (20®). CMdised to o-diiorobenzoic acid 
M.P. 137® by alkaline KMn04. On warming to 
8o-qo® with (2 mols.) HNO, in cone. H,S04 yields 
3:5-dinitro deriv. M,P. 45®. 
ib2® m-Chlorotoluene CH,*C«H4Q (1 ; 3) 

D. 1*072 (20®). Oxidised to m-chlorobenzoic add 
M,P. 153®. With cone. HNO.+HgSO, yields 4:6- 
dinitro deriv. M.P, 91®. 

162® p-Chtorotohiene CH,*C,H^ (i : 4) 

M.P. 7®. D. 1*070 (20®l Sdplmnated very slowly 
by cone. HiSO,. Oxidised to ^-chlorobenzoic add 
M.P. 236®. With edd cone. HNO, -}- HgSO, yields 
2-nitro deriv. M.P. 38®. 

® m-Dichlofobenme CtH^Cl, (x : 3) 

D. 1*307 (o®). Nitniioii wito fnmiiig HNO, pfMs 
2:4*'dich]oromtxobeiUE»e M.P. 33® and a dinitro 
itoiv. M.P. 103®. 


172' 
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179** Bemyl Chkmde. Sec Aliphatic Chloro-Hydrocarbons. 

179** o-Dicblorobenzene CiHiQt (1:2) 

D. 1*527 (0**). On nitration yidds 3:4-<lichloronitro< 
benzene M.P. 43® and a dinitio deriv. M.P. 110®. 

212® Benzal Chloride. See Aliphatic Chloro<Hydrocarbons. 

213® Benzotrichloride. See Aliphatic Chloto-Hydrocarbons. 

259® chChkmmaphthalene Ci»H|Q (1) 

D. 1*194 (20^- With fuming HNO, yields a dinitro 
deriv. M.P. 180® (sp. sol. in ale.). On heating to 
140® with cone. yields i:4-^orDnaphtha^e- 
sulphonic add M.P. 130®. Forms a picrate M.P. 137®. 

SOUD 

tLT. 

53® /KDichlorobenzenc C4H4G, {1:4) 

B.P. 172®. Nitration with cone. HNO, yields 2:5- 
dichloionitrobenzene M.P. 54®. Not sulphonat^ 
by cone. H1SO4 at 100®. 

56® ^Oloronaphthalene (2) 

B.P. 265®. On adding (2 mols.) HNO, to suspension 
in omc. H,S04 and warming for S-io hours, yields 
i:8-dimtxx) deriv. M.P. 175®. 

1S2® Naphthalene Tetrachloride /CHQ*CHQ 

Cfi/ I 

\cHa-CHa 

Sparingly sol. in hot ale. On boiling with HNO, 
yields phthalic and oxalic adds {q.v.). On rapid 
heating yields HQ and i:4<dichloronaphthalene 
M.P. 67®. On boiling with ale. KOH yields 1:3- 
dichlorDnaphthalene M.P. 61®. On boiling with dil. 
AgNO, yields a compd M.P. 195®. 

226® Hexachlorobenzene C,Q, 

B.P. 326®. Sparingly sol in ale. On boiling with 
fuming HNO, yields chtoranil M.P. 290®. 


AR(»fATIC BR0M0.HYDR0CARB0i5 

LIQUID 

mr. 

157® Brmnobenzene C»H,Br 

D. 1*49 (20®). On nitration in cold yidds 0- and 
^nitrdiromobenzeoes. the o*deriv. M.P. 4a® bdng 
far mon sol. in ale. than the ^criv. M.P. 126®. 
With cone. HNO, + HjSO, at 80-90® ykdds 2:4- 
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dinitrobromobenzene M.P. 75®. On adding to large 
excess of cold GSO,H yields ^bromobenzene- 
solphochloride M.P. wMch with NH«OH yi^ds 
the amide M.P. 160®. On bromination yields mainly 
^-dibromobenzene M.P. 87®. 

181® o-Bromotoluene CH,*C|H4Br (1:2) 

D. I '422 (20®). Oiddikd by dil. HNO, or alkaline 
KMnOi to o-bromobenzoic acid M.P. 147®. With 
(a mols.) bromine yields 2:4:5-tiibromotoluene 
M.P. X13®. With warm cone. HNO, + H,S04 
yields dinitro dcriv. M.P. 82®. 

183® m-Bromotoluene CH,*C4H4Br (1:3) 

D. 1-410 (20®). Cbddised to in-bromobenzoic add 
M.P. 155®. With cold cone. HNO, yields a nitro 
deriv. M.P. 55® ; in warm a dinitro deriv. M.P. 
103 "' 

198® Benzyl Bromide. See Aliphatic Bromo-Hydrocarbons. 

219® m-Dibromobenzene C,H4Br, (1:3) 

D. 1*955 (18® -6). On nitration yields 2:4-dibromo- 
nitrobenzene M.P. 61®. With excess ClSOgH yields 
sulphochloride M.P. 79®, which with NH4OH yields 
the sulphonamide M.P. 190®. 

224® o-Dibromobenzenc CgHjBr, (1:2) 

D. i'977 (i 7°'6). With warm cone. HNO, + 
H,S04 yields a dinitro deriv. M.P. 114®. With 
excess ClSO,H yields a sulphochloride M.P. 34®, 
which with NH4OH yields toe sulphonamide M.P. 
175 ®' 

234® 2-Bromocymene (CH,),CH*C4H,(CH|)Br (4:1:2) 

D. 1*269 (* 7 ®)- With cold fuming HNO, yields a 
dinitro deriv. M.P. 97®. 

281® a-Bromonaphthalene Ci^HtBr (i) 

M.P. 4®. D. 1-488 (17®). Oxidation by chromic 
acid in glacial a<^c acid ^ds phthalic acid M.P. 
195®. With cone. HNO, yields 4-nitro deriv. M.P. 
85®. Forms a picrate M.P. 134®. 


SOLID 

if.p, 

28® ^tomotoluene CH,'C4H4Br (1:4) 

B.P. 185®. Oxidised to ^bromobenzoic acid M.P. 
251®. Sulphonated very slowly by cone. 
at 100®. On nitration ^iklds the z-nitra deriv. M.P. 
47® ; the dly filtrate from cryst product contains 
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ILF. 

the 3>iutro deriv. which acidifies (M.P. 32^) on 
standing. On bromination at 130® in sunlight 
(without catalyst) yields ^Inotnobensyl bromide 
M.P. 61®. 

59<* /1-Bxomonaphthalene C|,HyBr (2) 

B.P. 281*. Forms a picrate M.P. 79®. 

89* />-Dibn>mobenzene CtH^Br, (1:4) 

B.P. 219®. On nitration 3nelds 2:5>dibromonitro- 
benzene M.P. 84®. Not sulphonated by cone. 
HgSOi at 100®; with fuming HjSOi ykJds 2:5- 
dibromobenzenesulphomc add (chloride M.P. 71 ®« 
amide M.P. 193®). 


AROMATIC lODO-HYDROCARBONS 

UQUID 

188® lodobenzene 

D. I -832 (20®). Readily reduced to benzene by Na 
a^gam in moist ether. With chlorine in CHQ, 
yields dichloride C«HJC1| (yellow i^edles d.8o®). 
On nidation yields ^nitro deriv. M.P. 171® and the 
much more sol, o-nitro deriv. M.P. 49®, On bromina** 
tion yields p-bromoiodobenzene M.P. 91®. 

207® o>Iodotoloene CH,-CgH,I (1:2) 

D. 1*697 (20®). Oxidised by dil. HNO, to o-iodo- 
benzoic add M.P. 162®. With chlorine in CHQ, 
yields dichlorkie d.85®. With cold fuming HNO, 
yields 6-nitro deriv. M.P. 103®. 

204® m-Iodotoluenc CH»*C,H|I (1:3) 

D. 1*698 (20®). Oxidised to m-iodobenzoic add M.P. 
186®. With chlorine in CHCl, yields dichloride d.88®. 
Yields a nitro deriv. M.P. 108®. On heating to 
205-240® with copper powder yields dt>i»*tolyl 
M.P. 5®, B.P. 286®. 

SOUD 

35® ^lodotoluene (1:4) 

B.P. 211®. Oxidised by chromic acid to ^iodoben- 
40 ic add M.P. 265®. With chlorine in CHOi yiekto 
dkhloride (3 forms ; d. 85® and d. no®). On heating 
to 210-360® witii copper powiter y^ds di-p-tdyl 
M.P. 131 ®. 
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ALIPHATIC a-HALOGEN-SUBSTITUTED ETHERS 

LIQUID 

59® Chloromethyl Ether 

D. 1062 (10®). With cold water yields methyl ale. 
and formaldehyde. With CH|OH yields m^ylal 
B.P. 42®. With NH4OH yields hexamethylene- 
tetramine [q.v.). With K acetate yields methoxy- 
methyl acetate B.P. 117®. With C,H|OKa yields 
methoxymethyl phenyl ether B.P. 184® ; analogous 
deriv. of ^-cresol B.P. 207®. 

80® Chloromethyl Ethyl Ether C,H, 0 *CH,C 1 

With edd water yields ethyl alcohol and formalde- 
hyde. With C,H,OH yields ethylal B.P. 88". With 
NH4OH yields hexamethylenetetramine (q.v.). With 
Na acetate jrields ethoxymethyl acetate B.P. 130®. 
With p-cresol Na salt yields ^oxymethyl p-ensyi 
ether B.P. 219". 

98® a-Chloroethyl Ether CH,-CHCI- 0 *C,H, 

With cold water yields ethyl alcohol and acetalde- 
hyde. With C|H»ONa yields acetal B.P. 104®. 
With Na acetate yields a-ethoxyethyl acetate 
B.P. 127®. 

105® aa'-Dichloromethyl Ether CH,C 1 * 0 -CH,CI 

D. I -328 (15®). With cold water yields formaldehyde. 
With NH4OH yields hexamethylenetetramine (q.v.). 
With ale. KOH yields ethylal (B.P. 88®) and oa'- 
diethoxymethyl ether B.P. 140®. With anhydrous 
Na acetate yields a diacetate B.P. 208®. 

in® Chloromethyl Acetate. See Halogen-substituted Esters. 

116® aa'-DicWoroethyl Ether CH.-CHa-O-CHaCH, 

D. 1137 (12®). With cold water yields acetaldehyde. 
With ale. KOH yields acetal (B.P. X04®) and diethoxy- 
ethyl ether B.P. 153®. With anhydrous Na acetate 
yields a diacetate B.P. 192®. 

130® Bromomethyl Acetate. See Halogen-substituted Esters. 

143“ ai?-Dichlorocthyl Ether. CH.a-CHClU-C,H, 

D. 1174 (23®). With cold water yi^ ethyl ale. 
and chloroa^taldehyde hydrate (M.P. 43-50®, B.P. 
83®). With CtH|OH yiel^ chloroacetal B.P. 157®. 

X50® Dibtomomethyl Ether CH^OGHtBr 

D. 2 -201 (20®). Reactions as with dichloromethyl 
eth«r B.P. 105®. 

O.A. 


H 
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AUPHATIC HALOCEN-SUBSmUTED ETHERS 
(oEier than a) 

I07* /fOloroethyl Ether C,H, 0 -CH,-CHP 
D. 1-057 (o°)- 

117 Epichlorhydrin CHiQ-CH— CH| 

Y 

D. I *204 (o®). With KOH in methyl ale. yields 
glycerol oy-dimethyl ether B.P. 169®. On boiling 
with phenol + NaOH in ale. yields glycerol diphenyl 
ethCT M.P. 81®. With cone. HCl yields glycerol 
a*dichlorohydrin B.P. 176®. With PCI, yields gly- 
cerol trichlorohydrin B.P. 155®. 

127® ^Bromo-ethyl Ether C,H,OCH,-CH*Br 
D. 1-370 (o“). 

157® Giloroacetal. See Halogen-snbstituted Aldehydes. 

I70®d. Bromoacetal. See Halogen-substituted Aldehydes. 

177® / 5 /r-Dichloroethyl £thcr (CHjClCHO.O 

D. 1*213 (20®). On heating with aniline and NaOH 
yields phenylmorpholine M.P. 57®. 

215® y/-Dichloropropyl Ether (CH|C 1 -CH,-CH ,),0 
D. M40 (20®). 

AROMATIC HALOGEN^UBSTITUTED ETHERS 

LIQUID 

195® o-Chloroanisole CH,0*C*H4a (1:2) 

With fuming HNO, yields 4-nitro dcriv. M.P. 95®. 

198® />-GJoroanisole CHiO-C^HiQ (1:4) 

With fuming HNO* yields 2-nitro deriv. M.P. 98®. 

208® o-Chlorophenetole CiHiO-CtHiCl (1:2) 

With fuming HNO, yields 4-nitro deriv. M.P. 82®. 

212® p-Chlorophenetole CiHiOC^HiCl (1:4) 

M.P. 20®. With cone. HNO, yields 2 -nitTO deriv. 
M.P. 61®. 

218® o-Bromoantsole. CHtO-CgHiBr (1:2) 

With a mixture of equal parts fuming HNO, and 
giadal acetic acid in the cold yields 4-nitro deriv. 
M.P. 106®. On boiling with 48% HBr yields methyl 
bromide B.P. 4® and a mixture of o- imd ^Inomo* 
phenol 
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223® /)-BromoaQisole CH,0-C,H4Br (1:4) 

M.P. 9®. With fuming HNO, and glacial acetic acid 
in tiie cold yields 2-nitro deriv. M.P. 88“. 

224“ o-Bromophenetole C|H40-C4H4Br (1:2) 

On nitration yields 4-nitro deriv. M.P. 98®. 

229® ^-Bromophenetole C4H,0*C,H4Br (1:4) 

M.P, 4*’. With fuming HNO* at - 10® yields 2- 
nitro deriv. M.P. 47® and some 4-nitro-2-bromophene- 
tole M.P.. 98^ 

SOLID 

M.r. 

43® s-Trichlorophenetole Cl,C4H,*OC|H, (2:4:6:!) 

B.P. 246®. On boiling with 48% HBr yields ethyl 
bromide B.P. 38® and trichlorophenol M.P. 67®. 
On long warming with cone. HNO, + H,S04 yields 
dinitro deriv. M.P. 100®. 

60® s-Trichloroanisole CliCiHjOCH, (2:4:6:!) 

B.P. 240®. On boiling with 48% NBr yields methyl 
bromide B.P. 40® and trichlorophenol M.P. 67®. On 
long wanning with cone. HNO, + H,S04 yields 
dinitro deriv. M.P. 95®. 

72® s-Tribromophcnetole’ Br^4H,‘OC,H| (2:4:6:!) 

On boiling with 48% HBr yields ethyl bromide B.P. 
38® and tribromophenol M.P, 95®. 

87® j-Tribromoanisole Br,C,H,OCH, {2:4:6;!) 

On boiling with 48^4 HBr yields methyl bromide 
B.P. 4® and tribromophenol M.P. 95®. 


HALOGEN-SUBSTITUTED ALCOHOLS 

UQUID 

!27® Ethylene Qilorohydrin CH,Q-CH,OH 

D. 1-233 (o®)- Miscible with water. Reduced by 
Na ainaigam and water to ethyl alcohol. Oxidised 
by K,Cr, 0 , in cone. HtSO, to chloroacetic acid 
{q,v.). With solid NaOH yields ethylene oxide 
B.P. 13® ; with boding dil. NaOH yields ethylene 
glycol B.P. 197®. Acetate B.P. 145®. Benzoate B.P. 
255®. Carbanilate M.P. 51®. o-Naphthylcarbamate 
M.P. xoi®. On boiUng witii phenol + NaOH in ale. 
yields etiiylene glycol monoptoyl ether B.P. 237®. 

149*^ Ethylene ^mdiydrin CHtBr-CHiOH 

D. 1*685 (17®). BlisciUe with water. Acetate B.P. 
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162®. Benzoate B.P. 28o®d. a-Naphthylcarbamate 
M.P. 86®. Cf. Ethylene Chlorohydrin B.P. 127®. 

i6i®d. Trimethylcne Chlorohydrin. CH|Q*CH|‘CH|OH 

D. 1-132 {17®). Sol. in 2~3 vols of cold water. With 
solid NaOH ydelds trimethylene oxide B.P. 49®. 
On oxidation with HNO. yiel^^<hbropropionic a^ 
M.P. 44®. B.P. 204®. Acetate B.P. i^®. a-Naph* 
thylcarbamatc M.P. 76®. On boiling with phenol 4 - 
NaOH in ale. yields trimethylene glycol monophcnyl 
ether B.P. 249®. 

176® Glycerol a<Dichlorohydrin CH,Q CH(OH) CH,Q 

D. 1-383 (o®). Miscible with water. Oxidi^ by 
K,Cr, 0 , in cone. HjSOi to chloroacctic acid ; by 
in dil. HjSOi to 5'dichloroacetone M.P. 45®. 
B.P. 172®. With sold NaOH yields epichlorohydrin 
B.P. 117®. On boiling with phenol + NaOH in 
ale. yields glycerol diphenyl ether M.P. 81®. Acetate 
B.P. 205®. Benzoate B.P. 230®/i50 mm. Carb- 
anilate M.P. 73®. 

I76®d. Trimethylenc Bromohydrin CH|Br-CH|*CH|OH 

B.P. 83®/23 mm. D. 1-537 Sol. in 9 vols of 
cold water. With solid NaOH yields trimethylcne 
oxide B.P. 49®. On oxidation with HNO, yields 
^-bromopropionic add M.P. 62®. Acetate B.P. 185®. 
Benzoate B.P. i48°/6 mm. a*Naphthylcarbamate 
M.P. 73®. 

182® Glycerol / 1 -Dichlorohydrin CH,Cl-CHQ-CH|OH 

D. 1-380 (o®). Oxidised by HNO* to a/Wichloro- 
propionk add M.P. 50®. With solid NaOH yields 
epichlorohydrin B.P. 1x7®. Carbanilate M.P. 73®. 

2i3®d. Glycerol o-Monochlorohydrin CH,ClCH(OH)-CH,OH 
D. I -338 (o®). Misdbk with water, alcohol, and ether. 
Redu(^ by Na amalgam and water to propylene 
glycol B.P. 188®. Diacctate B.P. 245®. 

2i9®d. Glycerol o-Dibromohydrin CH*Br*CH(OH)-CH,Br 

D. 2*02 ( i 8®'5). On distillation yields i^bromohydrin 
B.P. 138® and acrolein. Oxidised by dil. chromic 
acid to 5-dibrorooacetone M.P. 24®. Acetate B.P. 
227®. Cf, Glycerol a-dichlorohydrin B.P. 176®. 

219® Glycerol /l-Dilm>mohydrin CHJBr-CHBr-CH*OH 

D. 2- i 68 (o®). Oxidised HNO* to o/^dibromo- 
proi»onic acid M.P. 64®. Acetate B,P. 227®. 
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HALOGEN-SUBSnTUrm) PHENOLS 

LIQUID 

i7*5« o-ChlorDpheQol a*CJl4*OH (1:2) 

Methyl ether B.P. 195*. Ethyl ether B.P. 208®. 
With PQ| yields o-dkhloiobeiizene B.P. 179®. Ben- 
zoyl deriv. B.P. 213®. Caxbanilate M.P. 120®. 
^Nitrobenzyl ether M.P. 100®. With ethylene 
bromide + NaOH in aL. yields ethylene glycol 
di-o-chlorophenyl ether M.P. 103®. With HNO, 
in acetic a<il yidds dinitro deriv. M.P. 1 1 1 ®. Picrate 
M.P. 81®, 

194® o-Bromophenol Br*C,H4-OH (1:2) 

With HNO, in acetic acid yields dinitro deriv. M.P. 
118®. With bromine water yields tribromophenol 
M.P. 95®. Methyl ether B.P. 210®. Ethyl ether 
B.P. 218®. 

SOLID 

28® w-Chlorophenol Cl-CiHi-OH (1:3) 

B.P. 214®. On adding to 47% HNO, in cold yields 
4-nitro deriv, M.P. 133®. Methyl ether B.P. 193®. 
With pa, yields m-dichlorobenzene B.P. 172®. 

35® 2:4-Dibroniophenol Br,C,H,*OH (2:4:1) 

B. P. 238®. With bromine water yields tribromophenol 
M.P. 95®. With cone. HNO, in cold yields nitro 
deriv. M.P. 117®. Methyl ether M.P. 59®. Ethyl 
ether M.P. 50®. Benzo^ deriv. M.P. 97®. 

37® />-Chlorophenol a*C,H4-OH {1:4) 

B.P. 217®. On adding to cone. HNO, yields dinitro 
deriv. M.P. 81®. With PQ, yields ^ichlorobenzene 
M.P. 53®. Methyl ether B.P. 197®. Ethyl ether 
M.P. 20®, B.P. 21 1®. p-Nitrobenzyl ether M.P. loi®. 
Benzoyl deriv. M,P. 93®. Carbanilate M.P. 138®. 

43® 2:4-Dichlorophenol a,C,H,*OH (2:4:1) 

B.P. 209®. With limine yields dichlorobromo- 
phenol M.P. 68®. With cone. HNO, yields nitro 
deriv. M.P. 122®. Methyl ether M.P. 27®, B.P. 
238®. Ethyl ether B.P. 236®. Acetyl deriv. B.P. 
244®. Ben^l deriv. M.P. 97®. 

63® ^Bzomophenol Br*C,H4<)H (1:4) 

B.P. 235®. With bromine water yields tribrbmo- 
phenol M.P. 95®. Methyl ether B.P. 223®. Ethyl 
ether B.P. 233®. Benzoyl deriv. M.P. X02®. Carb- 
anilate M.P. 144®. 



iSa HALOGEN-SUBSTITUTED ALDEHYDES 

M-r. 

67® s-Trichlorophenol a,C,H,*OH (214:6:1) 

B.P. 244®. Almost insol. in water. Gives a strong 
add reaction. Methyl ether M.P. 60®. Ethyl ether 
M.P. 43®. With NO a in ale. yields dichloroqmnone 
M.P. 120®. Acetyl deriv. B.P. 261®. Benzoyl M.P. 
70®. Benzene sulphonyl deriv. M.P, 66®. 

95® s-Triteomophenol Br,C,H|*OH ( 2 : 416 : 1 ) 

Almost insol. in water. Gives a strong acid reaction. 
With NO, in acetic add or ethyl nitrite in ale. yields 
2:4-dibromO'6-nitrophenol M.P. 117®. Methyl ether 
M.P. 87®. Ethyl ether M.P. 72®. Benzyl ether M.P. 
86®. />-Nitrobenzyl ether M.P. 163®. Acetyl deriv. 
M.P. 82®. Benzoyl deriv. M.P. 81®. Benzenesulph- 
onyl deriv. M.P. 85®. Carbanilate M.P. 168®. 

106® Gilorohydroquinone ClCaHaiOH), (2:1:4) 

B.P. 263®. Very sol. in cold water and ale., slightly 
sol. in C,H, and CHCl,. With dil. KjCraO, + 
H1SO4 in cold yields chloroquinone M.P. 57®. Di- 
acetate M.P. 72®. Dibenzoate M.P. 130®. 

110® Bromohydroquinone BrG,H,(OH), (2:1:4) 

Very sd. in water; sparingly in CHCI,. With 
FeCl, in water yields bromoquinonc M.P. 55®. Di- 
methyl ether B.P. 262®. DiaiUtate M.P. 72®. 


HALOGEK-SUBSHTUTED ALDEHYDES, ACETALS, etc. 

LIQUID 

Chloral CCl,-CHO 

D. 1-512 (20®). With water yields chloral hydrate 
M.P. 57®. With CaH,OH yields chloral alcoholate 
M.P. 56®. Insol. in cone. H,SO*. With cone. 
NaOH in cold yields chloroform B.P. 61® and sodium 
formate. Colour test with pyridine sec p. 67. With 
K 1 soln yields free iodine and chloroform. Wirii 
KCN in ale. yields ethyl dichloroacetate B.P. 158®. 
Oxidised by fuming HNO, to trichloroacetic add 
M.P. 57®. Reduces ammon. AgNO, on warming. 
Forms a bisulphite compd. With NH, in CHa, 
yields chloral-ammonia M.P. 62®. Forms an addition- 
compd. with semicarbazide, M.P. 90®d. With acetic 
anhy^e forms a diacetate B.P. 221® ; with acetyl 
chknide yields tetrachloroethyl acetate B.P. 185®. 
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157® Oiloroacetal CH,Cl-CH(OC,H,), 

D. 1-026 (15®). On heating with 30% H,S04 or 
with anhydrous oxalic acid yields chloroacetaldehyde 
B.P. 85® (sharp odour), which forms a semicarbazone 
M.P. i34®d. With phenylhydrazine at 130® yields 
glyoxalosazone M.P. 155®. 

I70®d, Bromoacetal CH,Br-CH(OC,H,), 

B.P. 66®/i8 mm. On heating with anhydrous oxalic 
acid yields bromoacetaldehyde B.P. 104° (sharp 
odour), which forms a semicarbazone M.P. 130®. 
Cf. Chloroacetal B.P, 157®. 

174® Bromal CBr,CHO 

D. 3-34. With water yields bromal hydrate M.P. 53®. 
With CjHjOH .yields bromal alcoholate M.P. 44®. 
With NaOH yields broraoform B.P. 151® and sodium 
formate. G)lour test with pyridine see p. 67. 
Forms a bisulphite compd. With acetic anhydride 
yields a diacetate M.P. 76®. 

208® o-Chlorobenzaldehyde Cl*C4H4 CHO (1:2) 

M.P. II®. D. 1-29 (8®). On oxidation by KMn04 
yields o-chlorobenzoic acid .M.P. 137®. With 

NH, 0 H-HC 1 + excess Na,CO, soln yields a-oxime 
M.P. 75®. Anil is an oil. With cone. HNO, + 
H,S04 in cold yields nitro deriv. M.P. 80®. 

SOLID 

M.r. 

44® Bromal Alcoholate CBr,-CH(OH)*OC,H, 

Sparingly sol. in cold water. On distillation yields 
bromal and C,H,OH. Cf. Bromal B.P. 174°. 

47® ^-Chlorobenzaldehyde C1-C*H4-CH0 (1:4) 

B.P. 213®. On oxidation by KMnO^ yields />-chloro- 
benzoic acid M.P. 236®. On boiling with acetic 
anhydride yields diacetate M.P. 82®. On warming 
with NH|OH-Ha + Na,CO, soln. yields a-oxime M.P. 
106®. Anil M.P. 66®. With cone. HNO, + HiSO, 
at 80® yields nitro deriv. M.P. 62®. 

53® Bromal Hydrate CBr,-CH(OH), 

Sol. in water. On distillation yields bromal and 
water. Cf. Bromal B.P. 174®. 

56® Chlonri Alcoholate Ca,-CH(OH)<X:,H, 

B.P. 1 15®. Dissolves slowly, though very sol, in 
water. Yields chloral B.P. 98® with cold cone. 
HjSO,. Insol in cone. CaQ, soln. With acetyl 



xa4 HALOGEN^UBSTITUTED KETONES 

chk»kle yields acetjd deriv. B.P. 198*. C/. Qdond 
B.P. 9S*. 

57" CMoial Hydrate Ca,-CH{OH), 

B.P. 97^d.. partially breakiog op iato chloni aiul 
water. Yiel^ chloral B.P. 98* with cold coi^. 
HiSOt. With acetyl chloride yields tetraehkaoethyl 
acetate B.P. 185®. C/, Chloral B.P. 98®. 


HALOGEN^UBSmUTED KETONES 

^ LIQUID 

118® Chloroacetone CH,Cl-COCH, 

D. 1158 (13®), Extremely irritating odour. Appre* 
ciably sol. in v^atcr. Very readily hydrolysed by 
alkalies. Gim red colour with KtCO* soln. Forms 
acetonesulphonic salts with sulphites, chlorine betog 
eliminated. With /1-naphthol Na salt yields /l-naphth> 
ox3raoHone M.P. 78®. On beating with anhydrous 
Na acetate yields acetol acetate B.P. 174®. On 
adding slowly to excess NH|OH soln. yields methyl* 
glyoximc M.P. 153®. With scmicarbaxidc HQ 
yields semkarbaione M.P. 164 ®d. 

120® oa-Dichloroacctonc CHGiCOCH, 

D. 1-234 (J 5 l Sparingly sol. in cold water. On 
boiling with 10% K,CO, soln. yields K acrylate 
{c/. acrylic acid p. 142) ; with KOH yicldi K format* 
and acetate. With NH,OH yields methylglyoxiiiie 
M.P. 153®. 


45 * 

50 * 


oyDichkmjacetone CH,aCO-CH,a 

B.P. 173®. Sparingly sol. in ooW water. IrriUttng 
odour. Readily hydrolysed. FormsabMphitecompd. 
»*Broinoacetophen<me C»H|-CO-CH|& 

Vw luting odour. Forms no bisQiphite omipd. 
Y«ldsb«uoicacidM.P. 121® on oxkktkm by chromic 
On b^ in afc. sola, with various todiuin 
ph^l derivi. ; Pbeayl etlwr M.P, 7a*. 
^Naphtbyl ctbei M.P. 105*. AceWe M.P, 40* 
M.P. iig*. Sttiphid* M.P. 77*. 



ALKYL CHLOROFORMATES 




59 * 


#-Qik»v»oetflohetim C«H|<0'CH^ 

B.P. a44\ Very irrititi^ odour. Yiddi 
pbeoacyl derivt. ai ahbcomoacetopheoo^ M.P. 50*. 
chBronKKamphor /ClVk 


B.P. 274M. Odour like caiBplu>r. Optically active, 
[a]o -» + 140* (10% iu ale.). Oxidiaed by KMdO« 
to campbm add M,P. 187*. With {i moL) bromine 
at 100^ yields oa-dibromocampbor M.P. 60”. Wi^ 
(3 moU.) phenylhydnuine at loo* yields ' camphor* 
osazone ’ M.P. 53®. 


CARBOXYLIC ACID HALIDES 


M. 

55 * 

Aatyl Chloride 

D. I 105 (20®). 

do® 

Propionyl Chloride 

D. 1*065 (20®). 

So® 

Acetyl Bromide 

D. 1-640 (25®). 

92® 

iioButyryl Chloride 

D. 1*017 

100* 

u Butyryl Chloride 

D. 1*028 {20®). 

103® 

Chlmoacetyl Chloride 

I> I‘495 (o®). 

115^ 

tioValeryl Chloride 

D. 0*989 (ao®). 

127’ 

u-Vakryl Chloride 

D. 1*015 (15®). 

149 ® 

Bromoacetyl Bromide 

D. 2*317 (ai®). 


o-Bromoproptonyl Bromide 

D. 2*061 (16®). 

I 90 *d 

Socdnyl Chloride 

M.P, 16®. D. 1*407 (20®). 
B.I^. io3®/25 mm. 

197* 

Betuoyl Chloride 

M,P.-i®. D. I -212 (20®). 

aio® 

Phenytacetyl Chloride 

B.P, 94®/ia nun, D. 1-168 
(ao®). 


Antsoyl Chloride 

M.P. 22®, B.P. 145®/! 4 mm. 

aSi® 

Phthalyl Chloride 

M,P. about 12®. D. 1*421 
(i 5 l* 


ALKYL CMLOROPORMATBS (CHLOROCARBtBIATES) 

7?* Msthyt a<X)OCH| 

D. M36 (15*). Sharp odour. With aniline yidds 
metiiyl oirbanikte ILP. 47*. With ammonia yWa 
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i86 

^ methyl carbamate M.P. 57*. With CH^H jiMt 
methyl carbmmte B.R with C«H|OH yie^i 
methyl ethyl carbonate B.P. lo9^ Witii ph ^<4 ia 
dit. KaOH yiekis methyl pheayl carbonate B.P. 190- 
200®. 

9f Ethyl aCOOCtH, 

D. 1 1^4 (15^}. Sharp odour. Ethyl carbanilato 
M.P. 52®. Ethyl carbamate M.P. 49*. Methyl ethyl 
carbonate B.P. 109®. Ethyl carb^te B.P. 126*. 
Ethyl phenyl carbonate B.P. 228®. (C/. Methyl 
chbroformate above). 

105® isoPropyl aCOOCH(CH,), 

odour. IsoPropyl carbanilate M.P. 90®. iso- 
Propyl carbamate M.P. 92®. Ethyl isopropyl car- 
bonate B P. 132®. (C/. Methyl chloroformate. above). 

1 15® a-Propyl QCOOCH.CH.CH, 

D. 1*094 (* 5 “)* n-Propyl carbanilate M.P. 58*. 
ti'Propyl car^mate M.P. 60®. Methyl propyl car- 
bonate B.P. 131®. Ethyl propyl carbonate B.P. 145*. 
(C/, Methyl chloroformate, above). 

129® isoButyl a<:OOCH,CH(CHJ, 

D. 1*053 (* 5 *) isoButyl carbanilate M.P. 8o*. 
isoButyl carbamte M.P. 64®. Methyl iiobutyl car- 
bonate B.P. 143®. Ethyl isotetyl carb^te B.P. 160*. 
(C/. Methyl chlOTofonnate. ab^). 

137® «-Butyl 

On warmiog with a-butyl ak. yields n-butyl car- 
bonate B.P. 207®. With NH, ywlds n-butyl carba- 
mate M.P. 54®. With pbetic 4 yields n-but^ phenyl 
carbonate B.P. i29®/25 mm. 

154® fsoAmyl a<XXX:H,<:H,<:H{CH,), 

D. 1*032 (15®), woAroyl carbanilate M.P. 55*. ijo- 
Amyl carbamate M.P. 64®. Ethyl iioamyl carbonate 
B.P. 282® (C/. Methyl chlorofonnate, above). 

ALIPHATIC HAL0CEM4UBSTITUTB0 CARBOmiC 
ACIDS 


tj*. 

186® 


ugxm 


o^^ikwopropkmk CH.-CHQCOOH 

D. 1-306 (9*). lliicibfe with water. Redaced bf 
Zo + HQ to pft>pk)aic add B.P. lit*. On *''—**~» 
hy*o^ yield* lactfc add (f.*.). Medt^wtarEP. 
13**, Ethyl eater B.P. i.,;*. Chloride BJ*. no*. 
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Amide M.P, 8o^ Anilide HP. 92^ WitfapbeQol + 
NaOH yields <i>phenoxypropioQic acid HP. ^2^ 

190* DkhkmMcetk CHa,-COOH 

M.P, 10®. D. 1-371 (i5*). Blisdble with water. 
Methyl ester B.P. 143*. Ethyl ester B.P, 158*. 
Ch^^ B.P. le;®. A^e M.P. 96®. Anilide M.P. 
118®. Forms a cryst antUne salt M.P. l22^ 

SOUD 

ms. 

24* O'Bromoproptonic CH»CHBr-COOH 

B.P. 205®. S(d. in water. Ethyl ester B.P. 162® 
(sharp ^onr). Chloride B.P. 132®. Amide HP. 
123*. Anilide M.P. 99“. On boiling com:, soln of Na 
salt with NaNO, yields nitroethane B.P. 114®. C/, 
a-chloropropionic acid B.P. 186”. 

41® /1-CbloropfOpioaic acid CH/^CH,COOH 

B.P. 204®d. R(»dily sol. in water. On alkaline 
hydrolysis yields acrylic acid (q.v.). Methyl ester 
B.P.156®. Ethyl ester B.P. 162®. Chloride B.P. 144®. 
50® Brorooacctic CH,Br-COOH 

B.P. 208®. Very sol. in water. Causes bUsters on 
skin. Methyl ester B.P. 144® (sharp odour). Ethyl 
ester B.P. 139® (sharp odour). p-Nitrobenzyl ester 
M.P. 88®. Chloride B.P. 127®. Amide M.P. 91*. 
Anilide M.P. 130®. Cf. Chk»oacetic add M.P. 63®. 
35® Trichloroacetic CQiCOOH 

B.P. 196®. Sd. in water. Soln of Na salt yie^ 
CHQ, on proioiiged boding. On heating with aniline 
ywlds CHQ« 1^ COf Methyl ester B.P. 132®. 
Ethyl ester B.P. t68®. p-NHxolxiizyl ester M.P. 80® 
(v. poor yield). Chloride B.P. 118®. Amide HP. 
141®. Anilide M.P. 94®. 

62* /l-Broiiio(m>piooic CH|BrGH,*COOH 

Sol. in water. Ethyl estm' B.P. 179® ^deasant odour). 
Cf. /I^Iodqifopioiiic add M.P. 82®. 

63® ChknoaceBc CH/^COOH 

B.P. 183®. SoL in water. Causes blisteis on skin. 
On alkaline bydrolyda yiekM gtycoUk add (f.s.). 
Methyl ester B.P. 130®. Eth^ csto- B.P. 144^. 
p>Nitcobeiisyl e^ is an oU. Chloride B.P. 103®. 
AjBdde HP. 119*. Anilide M.P. 134®. Withphml 
NiDH in water yields phenoiQracetic add HP. 
98*; dmilaify wHh /l-naphthol ymiM /l-naphthmcy- 
acedc add HP. 1^*. m salt ^ Na^ in w^ 
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M.P. 

yields thiodiglycoUic add M.P. 129®.^ On boiling a 
cone. soln. of Na salt with NaNO, nitromethane B.P. 
loi® is formed. Addition product with pyridine M.P. 
202®. 

64° ajS-Dibromopropionic CH,Br*CHBr-COOH 

Sol. in water. On reduction with Zn dust’ 3delds 
acrylic acid (q.v.). On boiling with KI soln yields 
acrylic acid and iodine. Methyl ester B.P. 205®. 
Ethyl ester B.P. 214°. Chloride B.P. i92®d. 

82® /?-Iodopropionic CHjI-CH,-COOH 

Readily sol. in hot water, slightly in cold. Methyl 
ester B.P. 188® (pleasant odour). Ethyl ester B.P. 
200^* (pleasant odour). Amide M.P. loi®. With 
bromine water yields jS-bromopropionic acid M.P. 62° 
and iodine. With cone. Na^S soln. yields thiodihydra- 
crylic add M.P. 128®. 

83® lodoacetic CHalCOOH 

Readily sol. in hot water, sparingly in cold. Causes 
severe blisters on skin. Readily hydrolysed to hydri- 
odic and glycollic adds (q.v,). Methyl ester B.P. 
170® (very sharp odour). Ethyl ester B.P. 179® (very 
sharp odour). Cf. Chloroacetic acid M.P. 63®. 

’ 124® Trichlorolactic CC 1 ,-CH( 0 H)C 00 H 

Readily sol. in water. With dil. KOH yields chloral 
(q.v .) ; with cone. KOH yields CHQ,. Soln. of Na 
salt yields dichloroacetaldehyde B.P. 88® on boiling 
Ethyl ester M.P. 66®, B.P. 235®. On boiling with 
acetic anhydride yields acetyl deriv. M.P. 65®. 

AROMATIC HALOGEN^UBSTITUTED CARBOXYLIC ACIDS 


SOLID 

H.P. 

137° o-Chlorolwnzoic C1-C,H4-C00H (1:2) 

Sol. in hot water. Yields benzoic acid with Na 
anialgm. On fusion with KOH yields »»-hydroxy- 
benzoic acid M.P. 200° with only traces of salicylic 
f ® * 34 °. Ethyl ester B.P. 243”. 

^Nitootenzyl ester M.P. 106°. Chloride B.P. 220°. 
Amide M.P. 1390. Anilide M.P. 114?. 

150“ o-Bromobenzoic BrCiMj-COOH (1:2) 

Sol. in hot water. With cone. H^O. + HNO, at 
M.P. 213°. Methyl 
*34°. Chloride 

B.P. 245 . Amide M.P. i55». AnUide M.P. 141°. 
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[58® m-Chlorobenzoic Cl*C*H4‘COOH (1:3) 

Sparingly sol. in cold water. Yields benzoic acid 
M.P. I2I® with Na amalgam. On fusion with KOH 
yields w-hydroxybenzoic acid M.P. 200®. Methyl 
ester B.P. 231®. Ethyl ester B.P. 245®. Chloride 
B.P. 222®. Amide M.P. 134®. 

155® m-Bromobenzoic Br‘C|H4‘COOH (1:3) 

Sparingly sol, in water. On fusion with KOH yields 
wi-hydroxybenzoic acid M.P. 200®. Yields wophthalic 
acid (q.v.) on fusing K salt with Na formate. Methyl 
ester M.P. 31®, B.P. i22®/i5 mm. Ethyl ester B.P. 
259®. ^-Nitrobenzyl ester M.P. 105®. Chloride B.P. 
243®. Amide M.P. 155®. Anilide M.P. 137®. 

(191®) 3:6-DichlorophthaHc CltCeH4{COOH)* (i:4:2:3) 

Decomposes at 1 30-1 40® 5delding the anhydride M.P. 
191®. Sol. in hot water. With CjHjOH and HCl gas 
yields the monoethyl ester M.P. I28®d. Dieiiyl 
ester M.P. 60®. Imide M.P. 242®. Anil M.P. 191®. 

236® /)-Chlorobenzoic Cl*C4H4-COCH (1:4) 

Sparingly sol. in water. Methyl ester M.P. 43®. 
Ethyl ester B.P. 238®. ^-Nitrobenzyl ester M.P. 
129®. Chloride B.P. 220®. Amide M.P. 179®. Anil- 
ide M.P. 194®. 

25o®d Tetrachlorophthalic Cl4C4(COOH)j (1:2) 

Yields the anhydride M.P. 253® on melting. Sol. in 
hot water. Monomethyl ester M.P. 142®. Dimethyl 
ester M.P. 92®. Monoethyl ester M.P. 94®. Diethyl 
ester M.P. 60®. ^-Nitrobenzyl ester M.P. 180®. 
Imide M.P. 360®. Anil M.P. 268®. 

251® />-Bromobenzoic Br C,H4-COOH (1:4) 

Sparingly sol. in hot water. Methyl ester M.P. 81®. 
Ethyl ester B.P. 262®. />-Nitrobenzyl ester M.P. 139®. 
Phenacyl ester M.P. 87®. Chloride M.P. 41®, B.P. 
245®d. Amide M.P. 189®. Anilide M.P. 197®. 

HALOGEN-SUBSTITUTED CARBOXYLIC ESTERS 

LIQUID 

B.P. 

71® Methyl Chloroformate. See Alkyl Chloroformates. 

93® Ethyl Chloroformate. See Alkyl Chloroformates. 

Ill® Chloromethyl Acetate CH, GOOCH, Cl 

D. 1*195 (14°)* Sharp odour. Decomp, by water, 
yielding HCl, acetic acid, and formaldehyde. With 
CJH(OH yields ethylal B.P. 88 ® and ethyl acetate. 
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B.P. 

With anhydrous Na acetate yields methylene diacetate 
B.P. 170°. 

130® Methyl Chloroacetate CH,Cl-COOCH, 

D. 1-238 (20®). With cone. NH4OH in cold yields 
chloroacetamide M.P. 119®. With aniline yields 
* methyl anilinoacetate M.P. 48®, With Na^S in 

CHjOH yields methyl thiodiglycollate B.P. 253°. 

130® Bromomethyl Acetate CHj-CC)OCH|Br 

D. 1-656 (12°). C/. Chloromethyl Acetate B.P. in®. 

144® Methyl Bromoacetate CHgBr-COOCH, 

D. 1-657 (19°)- Highly irritating odour. With cone. 
NH4OH at o® yields bromoacetamide M.P. 91®. Cf. 
Methyl Chloroacetate B.P. 130®. 

144® Ethyl Chloroacetate CHjCl-COOCjH, 

D. 1-158 (20®). With cone. NH4OH in cold yields 
chloroacetamide M.P. 1 19®. With aniline yields ethyl 
anilinoacetate M.P. 57®. With Na^S in ale. 3delds 
ethyl thiodiglycollate B.P. 267®. With ethyl sodio- 
malonate in abs. ale. yields ethyl ethanetricarboxy- 
late B.P. 278® (free acid M.P. 159® yields succinic 
acid M.P. 185® on heating). Addition product with 
pyridine M.P. 100®. 

145® i?-Chloroethyl Acetate CHj-COOCH.-CH.Cl 

D. 1-178 (0®). On boiling with dil. NaOH yields ethyl- 
ene glycol B.P. 197® ; with solid NaOH in cold yields 
ethylene oxide B.P. 13®. On boiling with CH4OH 
containing 1% of HCl gas yields methyl acetate B.P. 
57® and ethylene chlorohydrin B.P. 127®. 

147® Ethyl a-Chloropropionate CHj-CHCl-COOCjHj 

D. 1-087 (20®). With cone. NH4OH in cold yields 
amide M.P. 80®. With CiHjONa in ale. yields ethyl 
a-ethoxypropionate B.P. 155®. Oh heating with dry 
CjHjONa yields ethyl a-phenoxypropionate B.P. 243®. 
With ethyl sodiomalonate in abs; ale. yields etiiyl 
propane-aa^-tricarboxylate B.P. 269® (free acid M.P. 
146® yields methylsuccinic acid M.P. 112® on heating). 

T58® Ethyl Dichloroacetate CHCl,-COOC,H. 

I). 1-282 (20®). With NHj in ale. yields amide M.P. 
98®. On boiling with C,H(ONa in ale. yields ethyl 
diphenoxyacetate B.P. 2o8°/28 mm. (free acid M.P. 
91®). 

159® Ethyl Bromoacetate CHjBr-COOC^Hj 

D. 1-506 (^0®). Highly irritating odour. Addition 
product with quinoline M.P. 180®. Cf. Methyl bro- 
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B.P. 

moacetete B.P. 144® and Ethyl chloroacetate B.P. 
144®. 

160° Ethyl a-Bromopropionate CH, CHBr-COC)C,H, 

D. 1*329 (20®). Irritating odour. Cf. Ethyl a- 
chloropropionate B.P. 147®. 

163® j 5 -Bromoethyl Acetate CHj-COOCHa-CHgBr 

D. 1-524 (0®). Pleasant odour. On boiling with 
CHjOH containing 1% of HCl gas yields methyl 
acetate B.P. 57® and ethylene bromohydrin B.P. 149®. 
Cf. ^-Chloroetiiyl acetate B.P. 145®. 

167® Ethyl Trichloroacetate CClj-COOCjHj 

D. 1*369 (15°). With cone. NH4OH in cold yields 
amide M.P. 141®. Yields CHCl, on long boiling with 
(i mol.) NaOH in water. 

175® «-Butyl Chloroacetate CHjCl-COOCHj CHj-CjHg 

D. I -081 (15°). With cone. NH4OH yields ehloro- 
acetamide M.P. 119® and «-butyl ale. B.P. 116®. 

179° Ethyl j 3 “Bromopropionate CHjBr CHj-COOCjHj 

D. 1*425 (20®). On boiling with cone. NaOH yields 
acrylic acid (^.v.). With ethyl sodiomalonate in abs. 
ale. yields ethyl propane-aay-tricarboxylate B.P. 283°, 
which on alkaline hydrolysis with subsequent heating 
yields glutaric acid M.P. 97®. 

SOLID 

66 ^ Ethyl Trichlorolactate CClj-CHtOHj-COOCjHs 

B.P. 162®. Sol. in cold dil. KOH, pptd by CO*. On 
boiling with dil. NaOH 3delds dichloroacetic acid (q.v.) 
and tartronic acid (forms sparingly sol. Ba salt), 

ALIPHATIC PRIMARY AMINES 

UQUID 

B.P. 

Gas Methylamine CH4*NH4 

Gives yellow ppte. with Nessler's soln., insol. in excess 
of reagent. Gives no ppte. with soln. of Hgl, in KI. 
Not attacked by KMn04 in boiling acid soln. Hydro- 
chloride M.P. 225® is sparingly sol, in ale., insol. in 
CHCl,. Hydrobromide M.P. 250®. With benzalde- 
hyde forms benzylidene deriv. B.P. 180®. With 2:4 
dinitrochlorobenzene in cold ale. yields 2:4-dinitro- 
methylaniline M.P. 175®. Acetyl deriv. M.P. 28®, 
B.P. 206®. Benzoyl deriv. M.P. ^®. w-Nitrobenzoyl^ 
deriv. M.P. 174®. />-Nitrobenzoyl deriv. M.P. 218°. 
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Benzenesulphonyl deriv. M.P. 30®. />-Toluenesul- 
phonyl deriv. M.P. 75°. ^-Bromobenzenesul{Aonyl 
deriv. M.P. 77®. w-Nitrobenzenesulphonyl deriv. 
M.P. 128®. Compound with phenyl wocyanate M.P. 
151®. Picrate M.P. 207®. 

18® Ethylamine CjHs'NH, 

Gives white ppte wi^ Nessler’s soln. Very slowly 
oxidised by KMn04 in boiling dil. HaS04. Aqueous 
soln. readily dissolves Al(OH),. Hydrochloride (hy- 
groscopic) is very sol. in ale., insol. in CHC 1 |. Hydro- 
bromide (not very hygroscopic) M.P. 159® is sol. in ale., 
insol. in CHCl,. Platinichloride M.P. 2i8®d. With 
benzaldehyde forms benzylidene deriv. B.P. 195°. 
Acetyl deriv. B.P. 205®. Benzoyl deriv. M.P. 71®. 
JM-Nitrobenzoyl deriv. M.P. 120®. Benzenesulphonyl 
deriv. M.P. 58®. ^-Toluenesulphonyl deriv. M.P. 63®. 
tw-Nitrobenzenesulphonyl deriv. M.P. 81°. /)-Bromo- 
benzenesulphonyl deriv. M.P. about 0®. Picrate M.P. 
165®. With 2:4-dinitrochlorobenzene yields 2:4- 
dinitroethylaniline M.P. 1 13®. Compound with phenyl 
isocyanate M.P. 99®. 

33® tsoPropylamine (CH,)jCH-NH, 

D. 0-694 (15°)- Miscible with water. Hydrochloride 
(very hygroscopic) M.P. 139® is readily sol. in ale. 
Benzenesulphonyl deriv. M.P. 26®. />-Bromobenzene- 
sulphonyl deriv. M.P. 99®. With 2:4-dinitrochloro- 
benzene yields 2:4-dinitroisopropylaniline M.P. 94®. 
49® w-Propylamine CHj-CH,-CHj-NH* 

D. 0-722 (15®). hfiscible with water. Gives brown 
ppte. with Kessler's soln. Hydrochloride M.P. 157®. 
Platinichloride M.P. 214®. With benzaldehyde yields 
benzylidene deriv. B.P. 209®. Acetyl deriv. B.P. 223®. 
Benzoyl deriv. M.P. 84®. Benzenesulphonyl deriv. 
M.P. 36°. />-Bromobenzenesulphonyl deriv. M.P. 65®. 
With ethyl oxalate yields dipropyloxamide M.P. 162°. 
Picrate M.P. 135®. With 2:4-dinitrochlorobenzene 
yields 2:4-dinitropropylaniline M.P. 95®. 

53® AUylamine CH,:CH-CHa-NHa 

D. 0-769 (15®). Miscible with water. Unsaturated 
(dibromide is an oil sparingly, sol. in water, which 
forms a hydrobromide M.P. 164® sparingly sol. in cold 
water). Hydrochloride M.P. 105-110®. Acetyl deriv. 
B.P- 215®. Benzoyl deriv. B.P. i73®/i4 mm. forms 
a dibromide M.P. 135®. Benzenesulphonyl deriv. M.P. 
39®. /»-Toluenesulphonyl deriv. M.P. 64®. . With 
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ethyl oxalate yields (iiallyloxamideM.P. 154®. Picrate 
M.P. I4a°. With 2:4-dinitrochlorobenzene yields 
2:4-dinitroallylaniline M.P. 75®. 

68° isoButylamine (CH,),CH*CH,*NH, 

D. 0736 (15°). Mi^ible with water. Hydrochloride 
(hy^oscopic) M.P. 160®. Platmichloride M.P. 225®d. 
Acetyl deriv. B.P. 226®. Benzoyl deriv. M.P. 57®. 
Benzenesulphonyl deriv. M.P. 53®. /)-Toluenesul- 
phonyl deriv. M.P. 78®. With ethyl oxalate yields 
di-wobutyloxamide M.P. 167®. With 2:4-diiiitrG- 
chlorobenzene yields 2;4-dinitro*5(}butylaniline M.P. 
80®. On oxidation with chromic acid yields iso- 
butyric acid B.P. 155®. 

77® »-Butylamine CH,*[CH,]j*CH,'NH, 

D. 0742 (15®). Miscible with water. Hydrochloride 
M.P. 195®. Benzenesulphonyl deriv. is an oil. 
^-Bromobenzenesulphonyl deriv. M.P. 58®. With 
ethyl oxalate yields dibutyloxamide M.P. 153®. With 
2:4-dinitrochlorobenzene yields 2:4-dinitrobutylaniline 
M.P. 58°. On oxidation with chromic acid yields 
M-butyric acid B.P. 163®. 

95° isoAmylamine (CH ,) ,CH -CH j-CH,*NH g 

D. 0750 (18°). Miscible with water. Acetyl deriv. 
B.P. 238°. ]^nzenesulphonyl deriv. is an oil. With 
ethyl oxalate yields di-isoamyloxamide M.P. 136®. 
On oxidation by chromic acid yields tsovaleric acid 
B.P. 176°. Compound with phenyl isocyanate M.P. 

155'. 

116® Ethylenediamine CH,(NH,)CH,(NH,) 

M.P. 8®. D. 0-902 (15°). Mscible with water, 
almost insol. in ether, insol. in benzene. Forms a 
hydrate M.P. 10®, B.P. n8®, D. 0-970 (15°), from 
which the water can be removed by distillation with 
sodium. Hydrochloride is insol. in ale. Diacetyl 
deriv. M.P. 172®. Dibenzoyl deriv. M.P. 249°. 
Dibenzenesulphonyl deriv. M.P. 168®. Di-/>-toluene- 
sulphonyl deriv. M.P. 160®. Picrate M.P. 234°. With 
2;4-dinitrochlorobenzene yields di-2:4-dinitrophenyl- 
ethylenediamine M.P. 302®. Compound with phenyl 
isocyanate M.P. 263°. 

185® Benzylamine C,H,-CH,-NH, 

D. 0-982 (19®). Miscible with less than 8 and more 
than about 40 vols.. of water at 5®, and with less than 
5 and more than about 40 vols. of water at 95®. 
Hydrochloride M.P. 248®. Oxalate M,P. 20i°d. 

0 


O.A, 



ALIPHATIC SECONDARY AMINES 


194 

B.P. 

Acetyl deriv. M.P. 60®. Benzoyl deriv. M.P. 105®. 
Benzenesulphonyl deriv. M.P. 88°. /)-Bromobenzene- 
sulphonyl deriv. M.P. 1 1 7°. With ethyl oxalate yiel^ 
dibenzyloxamide M.P. 216°. With 2:4rdinftiochloro- 
benzene yields 2:4-dmitrophenylbenzylamine M.P. 
115°. Compound with phenyl wocyanate M.P. 168°. 

SOLID 

iio°d. d-Glucosamine CH,OH-[CH(OH)]j:CH(NH,)CHO 

Readily sol. in water, slightly sol. in ale., insol. in 
ether and in CHCl,. Optically active, [o]d = + 47® 
in water. Reduces Fehling’s soln. Hydrochloride 
d. 200° is readily sol. in water, almost insol. in ale. ; 
[cJd in water is + 100° immediately after dissolving, 
falls to + 72-5° on standing. With acetic anhydride 
in cold abs. ale. yields monoacetyl deriv. d. i^°. On 
boiling with acetic anhydride + Na acetate yields two 
penta-acetyl derivs. M.P. 183° and 133°. Pentaben- 
zoyl deriv. M.P. 203®. Oxime M.P. i27°d. (forms a 
hydrochloride M.P. 166°). Semicarbazone M.P. 
i65°d. With phenylhydrazine in dil. acetic acid 
yields d-glucosazone M.P. 205°. 

ALIPHATIC SECONDARY AMINES 

LIQUID 

B.P. 

7° Dime^ylamine (CH,),NH 

Gives white ppte with Nessler’s soln; sol. on dilution 
with water. Hydrochloride M.P. 170° is hygroscopic, 
very sol. in ale. and in CHCl,. Hydrobromide M.P. 
133° is hygroscopic, sol. in ale., sparingly sol. in CHCl,] 
Acetyl deriv. B.P. 165°. Benzoyl deriv. M.P. 41°, 
B-P* 255°. Benzenesulphonyl deriv. M.P. 47°. p- 
Toluenesulphonyl deriv. M.P. 79°. />-Bromobenzene- 
sulphonyl deriv. M.P. 93°. Nitroso deriv. B.P. 153°. 
2:4-Dinitrophenyl deriv. M.P. 87°. Picrate M.P. 156°. 
55° Diethylamine (C,H,),NH 

D. 0723 (4°). Mi^ible with water. Gives white 
Ctyst. ppte. with Nessler’s soln. ; yellow ppte. with soln 
of Hgl, in KI. Hydrochloride M.P. 216° is hygro- 

^opic,verysol.inCHCl„lesssol.inabs.alc. Hydro- 

bromide M.P. 213°. Acetyl deriv. B.P. 185°. Ben^ 
zoyl deriv. B.P. 280°. Benzenesulphonyl deriv. M P,. 

42. ^Toluenesulphonyl deriv. M.P. 60°. m-Nitro- 
benzenesulphonyl deriv. M.P. 66°. Nitroso deriv. 
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B.P. 

B.P. 177®. 2:4-Dimtrophenyl deriv. M.P. 8o®. Com- 
pound with phenyl isocyanate M.P. 85®. 

105® Piperidine. See Heterocyclic Bases, 
no® Di-w-propylamine (CH,-CH,*CH,),NH 

D. 0752 (4®). Sol. in 18 vdls. of cold water. Acetyl 
deriv. B.P. 209®. Benzenesulphonyl deriv. M.P. 51®. 
Nitroso deriv. B.P. 206®. 2:4-Dinitrophenyl deriv. 
M.P. 40®. Picrate M.P. 75®. 

138® Di-*sobutylamine [(CH,),CH-CHJ>NH 

D. 0749 (15®). ^ 1 . in 220 vols. of cold water. 
Hydrochloride M.P. 262®. Platinichloride M.P. 2i2®d. 
Anrichloride M.P. 220®. Acid Oxalate M.P. 246®. 
Acetate M.P. 86®. Nitroso deriv. B.P. 2i4®d. 2:4- 
Dinitrophenyl deriv. M.P. 112®. Compound with 
phenyl isocyanate M.P.’ 105®. 

158® Di-»-butylamine (CH,-CH,*CH,*CH,),NH, 

D. 0761 (18®). Sol. in 280 vols. of cold water. 
Nitroso deriv. B.P. 235®. w-Nitrobenzenesulphonyl 
deriv. M.P. 61®. Compound, with phenyl isocyanate 
M.P. 86®. Picrate M.P. 59®. 

167® d-Coniine. See Alkaloids. 

186® Di-isoamylamine [(CH ,) ,CH-CH ,-CH ,] ,NH 

0.0767(21®). Ahnost insol. in water. Hydrochloride 
M.P. 276®. Benzoyl and benzenesulphonyl derivs. are 
oils. Nitroso deriv. B.P. i37®/20 mm. Compound 
with phenyl isocyanate M.P. 107®. 

247® Nicotine. See Alkaloids. 

315® Dibenzylamine {C,Hb‘CH,),NH 

D. 1*042 (14®). Hydrochloride M.P. 256®. Benzoyl 
deriv. M.P. 1 12®. Benzenesulphonyl deriv. M.P. 68®. 
Nitroso deriv. M.P, 61®, 2:4-Dinitrophen)d deriv. 
M.P. 106®. Compound with phenyl isocyanate M.P. 
127®. 

SOLID 

M.P. 

44® Piperazine Hydrate. See Heterocyclic Bases. 

104® Piperazine. See Heterocyclic Bases. 

ALIPHATIC TERTIARY AMINES 

BP LIQUID 

3° Trimethylamine (CH|),N 

Gives reddish-yehbw pptewithNessler’ssoln. ; yellow 
ppte. with soln. of Hgli in Kl. Hydrochloride M.P. 
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B.P. 

3577°d. is readily sol. in ale. and in CHCl,. Hydro- 
bromide M.P. 243®. Forms a stable salt with (4 mols) 
acetic acid B.P. 154®. Platinichloride d. 242° is 
sparingly sol. in ale. With iodine in KI -f- HCl yields 
a sparingly sol. addition product M.P. 65°. With 
CH,I yields tetramethylammonium iodide d. 230° 
(sparingly sol. in cold water). With chloroacetic acid 
yields betaine hydrochloride M.P. 227°d. (sparingly 
sol. in cold abs. ale.). Picrate M.P. 216® 

89® Triethylamine (C,H,),N 

D. 0733 (15®). Miscible in all proportions with water 
below 18®. Hydrochloride. M.P. 253® is sol. in ale. 
and in CHCl,. Hydrobromide M.P. 248®d. Forms a 
' salt with (4 mols) acetic acid B.P. 162®. Platini- 
chloride is very sol. in water. With ethyl iodide 
yields tetraethylammonium iodide (sparingly sol. in 
abs. ale.). Picrate M.P. 173®. 

1 15® Pyridine. See Heterocyclic Bases. 

129® a-Picoline. See Heterocyclic Bases. 

SOLID 

91® Tribenzylamine (C,H5-CH,),N 

B.P. 215®/! 5 mm. Very weak base. Hydrochloride 
M.P. 227® is hydrolysed in water. Hydrobromide 
M.P. 208®. Sulphate M.P. 106® is almost insol. in 
water. On wanning with bromine water yields 
benzaldehyde B.P. 179® and dibenzylamine B.P. 315®, 
Picrate M.P. 190®. 

AROMATIC PRIMARY AMINES 

LIQUID 

183® Aniline C,H,«NH, 

D. 1*027 (17°). Sol. in 29 vols of cold water. In 
very dil. aqueous soln gives transient purple colour 
with bleaching powder soln. On warming with ale. 
KOH + CHCl, yields phenyl isocyanide B.P. i65®d. 
(evil odour). With bromine water yields ppte of 
tribromo deriv. M.P. 118®. Hydrochloride M.P. 198®, 
B.P. 258®. Acetyl deriv. M.P. 113®. Benzoyl deriv. 
M.P. 160®. Benzenesulphonyl deriv. M.P. 112®. 
/>-Toluenesulphonyl deriv. M.P. 103°. />-Bromoben- 
zenesulphonyl deriv. M.P. 119®. Thiourea M.P. 153®. 
Benzal deriv. M.P. 54°. Azo-j 5 -naphthol deriv. M.P. 
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B.P. 

13 1®. With phenyl isocyanate yields carbanilide 
M.P. 238°. 2:4“Dinitrophenyl deriv. M.P. 156®. 

197® o-Toluidine CH,-C,H4-NH, (1:2) 

D. 1*003 (20®). Sol. in 70 vols. of cold water. Gives 
brown colour on shaking ethereal soln. with dil. 
bleaching powder soln. &)ln. in 50% HjSO^ gives 
blue colour with K,Cr,07, changed to purple on 
dilution. On warming with ale. KOH + CHCl, yields 
o-tolyl isocyanide (evil odour) B.P. 183®. With 
bromine water yields dibromo deriv. M.P. 50®. 
Hydrochloride M.P. 214®, B.P. 242®. Acetyl deriv. 
M.P. 1 12®. Benzoyl deriv. M.P. 143®. Benzenesul- 
phonyl deriv. M.P. 124®. ^-Toluenesulphonyl deriv. 
M.P. 108®. ^-Bromobenzenesulphonyl deriv. M.P. 

1 16®. Thiourea M.P. 161®. Azo-j 5 -naphthol deriv. 
M.P. 128®. Compound with phenyl isocyanate M.P. 
207®. 2:4-Dinitrophenyl deriv. M.P. 120®. 

199® m-Toluidine CHj-C^Hi-NH, {1:3) 

D. 0-989 (20®). On shaking ethereal soln with dil. 
bleaching powder soln, water layer becomes yellow- 
brown, ether becomes red. Soln. in 50% HjSOi gives 
yellow-brown colour with KjCrjO;, red with HNO,. 
Hydrochloride M.P. 228®, B.P. 250®. Acetyl deriv. 
M.P. 65®. Benzoyl deriv. M.P. 125®. Benzenesul- 
phonyl deriv. M.P. 95®. /j-Toluenesulphonyl deriv. 
M.P. 1 14®. Thiourea M.P. 112®. Azo-^-naphthol 
deriv. M.P. 140®. Compound with phenyl isocyanate 
M.P. 173®. 2:4-Dinitrophenyl deriv. M.P. 161®. 

212® 4-w-XyUdine (CH^ljC^Ha-NH, (1:3:4) 

D. 0-981 (15®). Hydrochloride M.P. 235®, B.P. 255®. 
Acetate M,P. 68®. Acetyl deriv. M.P. 133®. Benzoyl 
deriv. M.P. 192®. Benzenesdphonyl deriv. M.P. 128®. 
Thiourea M.P. 152®. .Azo-)S-naphthol deriv. M.P. 
166®. Compound with phenyl isocyanate M.P. 242®. 
213® /).Xylidine (CH,),C,H,-NH, (1:4:5) 

M.P. 15®. D. 0-968 (25®). Hydrochloride M.P. 228®, 
B.P. 247®. Acetyl deriv. M.P. 139®. Benzoyl deriv. 
M.P. 140®. Benzenesulphonyl deriv. M.P. 138®. 
/)-Toluenesulphonyl deriv. M.P. 119®. Benzal deriv. 
M.P. loi®. Azo-jJ-naphthol deriv. M.P. 150®. Pi- 
crate M.P. i7i®d. Platinichloride M.P. i95®d. 

218® o-Anisidine CH,0-C,H4-NH, (1:2) 

M.P. 5®. D. 1-095 (15®). On boiling with 48% HBr 
yields o-aminophenol M.P. 174® and methyl bromide 
B.P. 4®. Acelyl deriv. M.P. 84®. Benzenesulphonyl 
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B.P. 

deriv. M.P. 89®. /^-Toluenesulphonyl deriv. M.P. 127®. 
Thiourea M.P. 135®. Azo-^-naphthol deriv. M.P. 
180®. Compound with phenyl isocyanate M.P. 144®. 
2:4-Dinitrophenyl deriv. M.P. 151®. 

229® o-Phenetidine C|H50-C,H4-NH, (1:2) 

D. 1-049 (18®). Hydrochloride M.P. 214®. On boil- 
ing with 48% HBr yields o-aminophenol M.P. 174® 
and ethyl bromide B.P. 38®. Acetyl deriv. M.P. 79®. 
Compound with phenyl isoc3^nate M.P. 169®. 2:4- 
Dinitrophenyl deriv. M.P. 164®. 

254® />-Phenetidine CjHjO-CjHi-NHj (1:4) 

M.P. 2®. D. I -061 (15®). Hydrochloride M.P. 234° 
gives red colour with FeCl* or Weaching powder sohi. 
On boiling with 48% HBr yields ^-aminophenol M.P. 
i84®d. and ethyl bromide B.P. 38®. Acetyl deriv. 
M.P. 135®. Benzoyl deriv. M.P. 173®. Benzenesul- 
phonyl deriv. M.P. 143®. Benzal deriv. M.P. 76®. 
Azo-jJ-naphthol deriv. M.P. 139®. Compound with 
phenyl isocyanate M.P. 178®. 

255® Methyl Anthranilate. See Amino Acids, etc. 

260® Ethyl Anthranilate. See Amino Acids, etc. 

SOLID 

M.P. 

15® />-Xylidine B.P. 213®. See Aromatic Primary Amines 
(Liquid). 

25® Methyl Anthranilate. See Amino Acids, etc. 

41® ^-Aminodimethylaniline {CHjjjN-CeH^-NH, (1:4) 

B.P. 262®. Darkens rapidly in air. Sol. in water. 
Soln. of dihydrochloride M.P. 220® gives purple colour 
with excess AgNO, in cold, odour of quinone on 
warming. On treating soln. successively with H,S 
and FeCl, yields methylene blue. Acetyl deriv. M.P. 
130®. Benzoyl deriv. M.P. 228®. Benzal deriv. M.P. 
loi®. 2:4-Dinitrophenyl deriv. M.P. 168®. 

45® />-Toluidine CH.-C^H^-NH, (1:4) 

B.P. 200®. Sol. in 150 parts of cold water. Forms a 
hydrate M.P. 41®. Hydrochloride M.P. 240®, B.P. 
257®. Gives no colour with bleaching powder soln. 
Soln. in 50% H jSOi gives yellow colour with KjCrjO, ; 
blue with HNO3, changing gradually through violet 
and red to brown. With bromine water yields di- 
bromo deriv. M.P. 73®. Acetyl deriv. M.P’ 148®. 
Benzoyl deriv. M.P. 158°. Benzenesulphonyl deriv. 
M.P. 120®. ^Toluenesulphonyl deriv, M.P, 117®, 
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^Bromobenzenestilphonyl deriv. M.P. 98®. Benzal 
deriv. M.P. 35®. Thiourea M.P. 176®. Azo-p-naph- 
thol deriv. M.P. 130®. Compound with phenyl iso- 
cyanate M.P. 213®. 2:4-Dinitrophenyl deriv. M.P. 
I37°- 

50® a-Naphthylamine Ci,H,*NH, (i) 

B.P. 300®. Evil odour. SlighBy sol. in hot water. 
Soln, of hydrochloride M.P. 286® gives a blue ppte. with 
FeCl,. Acetyl deriv. M.P. 159®. Benzoyl deriv. M.P. 
160®. Benzenesulphonyl deriv. M.P. 167®. ^-Tolu- 
enesulphonyl deriv. M.P. 157®. /)-Bromobenzene- 
sulphonyl deriv. M.P. 183®, ^-Nitrobenzenesulphonyl 
deriv. M.P. 166®. Benzal deriv. M.P. 73®; Thiourea 
M.P. 207®. Azo-j?-naphthol deriv. M.P. 274®. Com- 
pound with phenyl isocyanate M.P. 222®. 2:4-Dinitro- 
phenyl deriv. M.P. 190®. Picrate M.P. 161®. 

57® /)-Anisidine CHjO-CjHj-NH, (1:4) 

B.P. 239®. Sparingly sol. in hot water. Soln. of 
hydrochloride M.P. 216® gives violet colour with FeCl,. 
On boiling with 48% HBr yields />-aininophenol M.P. 
i84®d. and methyl bromide B.P. 4®. Acetyl deriv. 
M.P. 127®. Benzoyl deriv. M.P. 154®. Benzenesul- 
phonyl deriv. M.P. 95®. />-Toluenesulphonyl deriv, 
M.P. 114®. />-Bromobenzenesulphonylderiv.liP.i42®. 
Benzal deriv. M.P. 62®. Thioui^ M.P. 185®. ^0- 
/ 3 -naphthol deriv. M.P. 139®. 2:4-Dinitrophenyl deriv. 
M.P. 141®. 

63® w-Phenylenediamine C,H4(NH,), (1:3) 

B.P. 283®. Darkens rapidly in air. Readily sol. in 
hot water. Soln of dihydrochloride M.P. 348® gives 
brown ppte. with NaNO,. On warming soln of hydro- 
chloride with 1% soln of acetaldehyde in 50% ale. 
gives yellow colour with green fluorescence. With 
bromine in dil. HCl yields tribromo deriv. M.P. 158®. 
Diacetyl deriv. M.P. 191®. Dibenzoyl deriv. M.P. 
240®. Dibenzenesulphonyl deriv. M.P. 194®. Di-^- 
toluenesulphonyl deriv. M.P. 172®. Dibenzal deriv. 
M.P. 104®. 2:4-Dinitrophenyl deriv. M.P. 172®. 

89® Ethyl ^-Aminobenzoate. See Amino Acids, etc. 

99® m-Toluylenediamine CH,-C,H,(NH,), (1:2:4) 

B.P. 280®. Darkens rapidly in air. Readily sol. in 
hot water. Closely resemble m-plienylenediamine 
M.P. 63®. Dihydrochloridp M.P. 305®. Diacetyl 
deriv. M.P. 224®. Dibenzoyl deriv. M.P. 224®. 
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Dibenzenesulphonyl deriv. M.P. 178°. Di-;^-toliiene- 
sulphonyl deriv. M.F. 192®. Dibenzal deriv. M'P. 
175°. 2:4-Dinitrophenyl deriv. M.P. 184®. 

102® o-Phenylenediamine C,H4(NH8)i {1:2) 

B.P. 257®. Readily sol. in hot water. Cone, soln, of 
dihydrochloride M.P. 260® gives red ppte. with FeClj, 
and with benzaldehyde yields phenylbenzylbenzimin- 
azole M.P. 133® ; with Na acetate + benzaldehyde 
yields dibenzal deriv. M.P. 106®. On distilling with 
acetic acid yields methylbenziminazole M.P. 175®. 
With acetic anhydride in cold water yields diacetyl 
deriv. M.P. 185®. Dibenzoyl deriv. M.P. 301® on 
heating yields phenylbenziminazole M.P. 280®. Di- 
benzenesulphonyl deriv. M.P. 186®. Di-^-toluene- 
sulphonyl deriv. M.P. 201®. 

Ill® j 9 -Naphthylaniine CioHj-NHj (2) 

B.P. 294®. Odourless. Sparingly sol. in hot water. 
Gives no colour with FeClj. Hydrochloride M.P. 260®. 
Acetyl deriv. M.P. 132®. Benzoyl deriv. M.P. 162®. 
Benzenesulphonyl deriv. M.P. 102®. ^^-Toluene- 
sulphonyl deriv. M.P. 133®. />-Bromobenzenesul- 
phonyl deriv. M.P. 129®. m-Nitrobenzenesulphonyl 
deriv. M.P, 165®, Benzal deriv. M.P. 102®. Thiourea 
M.P. 192®. Azo-j 5 -naphthol deriv. M.P. 174®. Com- 
pound with pheny, isocyanate M.P. 220®. 2:4-Di- 
nitrophenyl deriv. M.P. 179®. Picrate M.P. I95®d. 

127® Benzidine NHj'CjH^-CeHj-NH, (4^4') 

B.P. 400®. Slightly sol. in hot water. Sulphate is 
almost insol. in water and in ale. On boiling with dil. 
H,S04 + MnO, yields benzoquinone M.P. 115®. On 
gradually adding bromine to soln. in CS, under water 
the aqueous layer becomes first blue, then green, 
finally colourless, the CSg layer becoming red. Dihy- 
drochloride M.P. 385®. Diacetyl deriv. M.P. 317®. 
Dibenzoyl deriv. M.P. 352®. Dibenzenesulphonyl 
deriv. M.P. 232®. Di-/>-toluenesulphonyl deriv. M.P. 
243®. Dibenzal deriv. M.P. 239®. Compound with 
phenyl isocyanate M.P. above 300®. Disazo-j 5 -naph- 
thol deriv. M.P. 302®. On diazotising in dil. H,S04 
and boiling yields />-diphenol M.P. 272®. 

129® o-ToUdine CH,-(NH,)C,H,-C,Ha(NH,)*CH, (3:4:4':3') 
Closely resembles benzidine. On boiling with dil. 
H,S04 4- MnOj yields toluquinone M.P. 68®. Dihy- 
diochloride M.P. 355®. Diace^l deriv. M.P. 314®. 
Pibenzoyl deriv. M.P. 265®. Disazo-j 5 -naphthol deriv. 
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M.P. 

M.P. 297®. On diazotising in dil. HjSOi and boiling 
yields’ dicresol M.P. 160®. 

131® Dianisidine CH,0-(NH,)C,H3-C.H,(NH,)-0CH, 

( 3 : 4 : 4 ': 3 ') 

Closely resembles benzidine. Dihydrochloride M.P. 
312°. Diacetyl deriv. M.P. 242®. Dibenzoyl deriv. 
M.P. 236®. Disazo-j 3 -naphthol deriv. M.P. 298®. On 
diazotising in ale. -f HjSOi yields w-dianisole M.P. 
35®. B.P. 328®. 

140° ^-Phenylenediamine C,H4(NHj)j (1:4) 

B.P. 267®. Sol. in hot water. ^In of dihydrochloride 
(M.P. above 390°) gives with excess of AgNO, in cold 
green colour rapidly changing through red to brown ; 
no odour of quiftone on warming. Yields benzoquin- 
one M.P. 115° on boiling with dil. FeClj or HjSO* + 
MnO,. Soln. of dihydrochloride yields ppte. of 
quinonedichloroimide d.124® with bleaching powder 
soln. Diacetyl deriv. M.P. 304®. Dibenzoyl deriv. 
M.P. above 300®. Dibenzenesulphonyl deriv. M.P. 
247®. Di-/)-tqluenesulphonyl deriv. M.P. 266®. Di- 
benzal deriv. M.P. 138®. 2:4-Dinitrophenyl deriv. 
M.P. 190®. 

162® /)-Aminoacetanilide. See Substituted Amides. 

AROMATIC SECONDARY AMINES 

LIQUID 

193"® MethylanUine C.Hj-NH-CH, 

D. 0'976 (15®). Gives no colour with bleaching powder 
soln. Hydrochloride M.P. 121®. Nitrosoamine M.P. 
12®, B.P. I2i®/i3 mm. yields the^-nitroso deriv. M.P. 
1 18® with HCl gas in ether. Acetyl deriv. M.P. 102®. 
Benzoyl deriv, M.P. 63®. Benzenesulphonyl deriv. 
M.P. 79®. /)-Toluenesulphonyl deriv. M.P. 94°. 
/)-Bromobenzenesulphonyl deriv. M.P. 92°. w-Nitro- 
benzenesulphonyl deriv. M.P. 100®. 

206® Ethylaniline 

D. 0*963 (20°). Gives no colour with bleaching 
powder soln. Hydrochloride M.P. 176®. Nitroso- 
amine B.P. i34®/i 6 mm. yields the p-nitroso deriv. 
M.P. 78® with HCl gas in ether. Acetyl deriv. M.P. 
54°. Benzoyl deriv. M.P. 60®. Benzenesulphonyl 
deriv. is an oil. /^-Toluenesulphonyl deriv. M.P. 87®. 
^-Broinobenzenesulphonyl deriv. M.P. 91®. w-Nitro- 
benzenesulphonyl deriv. M.P. 100®, 
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222® «-Propylaiiiline C«Hg-NH*CH,-CH,-CH, 

D. 0*900 (24®). Nitrosoamine (oU) yields ^-nitroso 
deriv. M.P. 59® with HCl gas in ether. Acetyl deriv. 
M.P. 47®. Benzenesulphonyl deriv. M.P. .54®. p~ 
Bromobenzenesulphonyl deriv. M:P. 109®. w-Nitro- 
benzenesulphonyl deriv. M.P. in®. 

235® «-Butylaniline C,H»*NH*CHj*CH,*CH,CH, 

D. 0*934 (20^- Nitrosoamine is an oil. Acetyl deriv. 
B.P. 274®. />-Bromobenzenesulphonyl‘ deriv. JM.P. 
87°. w-Nitrobenzenesulphonyl deriv. M.P. 78®. 

251® TetrahydroquinoUne. See Heterocyclic Bases. 

254® woAmylaniline C.Hj*NH*CH,*CH,*CH(CH,), 

D. 0*928 (15®). Nitrosoamine is an oil. Acetyl deriv. 
B.P. 278®. 

SOLID 

37® Benzylaniline C«H5*NH*CH,*C,Hs 

B.P. 299®. Hydrochloride M.P. 197°. Platini- 
chloride M.P. 155°. Nitrosoamine M.P. 58® is 
converted by HCl in ale. into benzalaniline HCl (q.v,) 
and benzylaniline HCl. With amyl nitrite -f ale. 
HCl yields />-nitroso deriv. M.P. 129®. Acetyl deriv. 
M.P. 58®. Benzoyl deriv. M.P. 107®. Benzenesul- 
phonyl deriv. M.P. 119?. 

54® Diphenylamine (CjHjjjNH 

B.P. 310.® Weak base; hydrochloride M.P. 180® and 
sulphate M.P. 124® are hydrolysed by water. Soln. 
in cone. HCl or HjSO* gives blue colour with trace of 
HNO, or HNO,. Nitrosoamine M.P. 67® yields 
/>-nitroso deriv. M.P. 144® with HCl in ale. Acetyl 
deriv. M.P. loi®. Benzoyl deriv. M.P. 180®. Ben- 
zenesulphonyl deriv. M.P. 124®. />-Toluenesulphonvl 
deriv. M.P. 141®. 

79® Di-^-tolylamine (CH,*C,H4),NH 

B-P- 330°* Resembles diphenylamine, but gives 
yellow (not blue) colour in cone. H1SO4 with trace of 
HNO,. Nitrosoamine M.P. loi®. Acetyl deriv. M.P. 
85®. Benzoyl deriv. M.P. 125°. 

238® Carbazole. See Heterocyclic Bases. 

AROMATIC TERTIARY AMINES 

LIQUID 

■.P. 

185* Dimethyl-o-toluidine CH,-C,H4-N(CH,), {1:2) 

D. 0-926 (20°). Hydrochloride M.P. 156°. With (i 



AROMATIC TERTIARY AMINES 203 

B.P. 

mol.) bromine in acetic acid )delds bromo deriv. B.P. 
244®. With acetyl bromide in cold yields acetyl- 
metiiyltoluidine M.P. 55® and trimethyl-o-tolyl- 
ammonium bromide. On boiling with benzoyl 
chloride yields benzoylmethyl-o-toluidine M.P. 65® 
and CHjCl. On boiUng with 90% HNO, yields 
methyldinitrotoluidine M.P. 120®. With HNO, + 
HiSO, at 0® yields nitro deriv. B.P. 280® (hydro- 
chloride M.P. 192®). Does not condense with CH , 0 + 
HCl. Benzeneazo deriv. M.P. 66®. 

193® Dimethylaniline C,H5*N(CH,), 

M.P. I®. D. 0 958 (20®). Hydrochloride (deliques- 
cent) M.P. 85-95°. Hydrobromide M.P. .75®. Sul- 
phate M.P.' 80®. Acid oxalate M.P. 139®. Methiodide 
subl. 220®. Ethiodide M.P. 136®. Nitroso deriv. M.P. 
85° on boiling with cone. NaOH yields dimethylamine 
(q.v.). With acetyl bromide in cold yields methyl- 
acetanilide M.P. 102® and trimethylphenylammonium 
bromide M.P. 2i3°d. On boiKng with benzoyl 
chloride yields benzoylmethylaniline M.P. 65® and 
CHjCl. With bromine in acetic acid yields p-hiomo 
deriv. M.P. 55°. With HNO, in acetic acid yields 
dinitro deriv. M.P. 87®, Benzeneazo deriv. M.P. 115®. 
Picrate M.P. 163®. 

201® Methylethylaniline C,H,*N(CH’j)C,H5 

D. 0-940 (15®). Hydrochloride M.P. 114®. Meth- 
iodide M.P. 125®. Ethiodide M.P. 102®. />-Nitroso 
deriv. M.P. 66®. Picrate M.P. 134®. 

209® Diethyl-o-toluidine CH,-C,H4-N(C,H,), (1:2) 

D. 0-906 (15®). Hydriodide (+ H, 0 ) M.P. 72®. 
Gives blue cryst. ppte. M.P. 100® on treating soln. in dil. 
acid with iodine in KI. 

2n® Dimethyl-/>-toluidine CH,-C,H4-N(CH,), (1:4) 

D. 0-938 (20®). With acetyl bromide in cold yields 
acetylmethyl-^tpluidine M.P. 83® and trimethyl-/>- 
tolylammonium bromide M.P. 219®. On bwling with 
benzoyl chloride yields benzoylmethyl-^-toluidine M.P. 
47®. On treating soln. in cone. H^4 with HNO, and 
pouring into ice-water yields nitro deriv. M.P. 37® ; 
on pouring into 4 vols of water (without cooling) 
yields dinitro deriv. M.P. 103®. Forms a compound 
with fw-dinitrobenzene M.P. 43® (bM crysts.). 

216® Diethylaniline G,H,-N(C,H,), 

0*935 (20!). Methiodide M.P. 102®. />-Nitroso 
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deriv. M.P. 84° on distilling with cone. NaOH yields 
diethylamine B.P. 55®. Benzeneazo deriv. M.P. 97®. 
Picrate M.P. 142®. 

229® Diethyl-^-toluidine CHj‘CeH4*N(C,H5), (1:4) 

D. 0-921 (18®). Hydrochloride M.P. 157®. On boiling 
with HNOj yields dinitrotolylethylnitramine M.P. 
116°. 

238® Quinoline. See Heterocyclic Bases. 

240® iso-Quinoline. See Heterocyclic Bases. 

245® Di“«-propylaniline C*H5-N(CH,-CH,-CH,), 

D. 0-910 (20®). Methiodide M.P. 156®. /)-Nitroso 
deriv. M.P. 42® (forms a hydrochloride d. 160-165®) 
yields di-«-propylamine B.P. no® on boiling with 
cone. NaOH. 

247® Quinaldine. See Heterocyclic Basses. 

261® Di-«-butylaniline CeH5-N(CH,-CH,-CH,-CH,) , 

D. 0-911 (18®). Hydrochloride M.P. 90-105®. p- 
Nitroso deriv. (green oil, forms a compound with 
ZnCl, M.P. 153M.) yields di-«-butylamine B.P. 158® 
on boiling with cone. NaOH. Picrate M.P. 125®. 

296® Methyldiphenylamine (C^H^jaN-CHs 

D, 1-052 (15®). Salts hydrolysed by water. Gives 
violet colour witii HNOj. ^-Nitroso deriv. M.P. 44®. 

299® Ethylbenzylaniline C,H5-N(CaH5)(CH8-C,H5) 

D. 1-030 (18®). />-Nitroso deriv. M.P. ^2®. Picrate 
M.P. Ill®, 


24® woQuinoline B.P, 240® See Heterocyclic Bases. 

41® />-Ammodimethylaniline. See Aromatic Primary Amines. 

70® Dibenzylaniline C4H5-N(CH8-C,H5)a 

Salts hydrolysed by water. On oxidation by 
+ dil. HaSOa yields benzaldehyde B.P. 179® and 
benzalaniline M.P. 54®. With amyl nitrite + ale. 
HCl yields />-nitroso deriv. M.P. 91®. Picrate M.P. 

73® />-Diinethylaminobenzaldehyde (CH,) aN-CaHa-CHO (1:4) 
With aniline acetate soln. yields yellow anil M.P. 100® ; 
with aniline HCl soln gives yellow colour ; with ben- 
zidine HCl ^In gives red ppte. M.P. 318®. On adding 
dimethylaniline, passing HCl into mixture, and then 
adding FeCl, yields violet dye. Oxime M.P. 148®. 
Phenylhydrazone M.P. 148®. 



HETEROCYCLIC BASES 205 

M.P. 

90® Tetramethyldiaminodiphenylmethane (Michler's Hydride) 

(4:4') 

Dimethiodide M.P. 2i4®d. Yields qiiinone on oxida- 
tion. On adding solid KNO, to soln. in cone. HiSO* 
at 0® yields dinitro deriv, M.P. 195®. Picrate M.P. 185®. 

1 13® Antipyrine. See Hydrazine Derivatives. 

127® Triphenylamine (CjHjjjN 

Does not combine with acids. Soln. in acetic acid 
gives green colour with trace of HNOt ; soln. in cone. 
HjSO* gives with traceofHNOj violet colour changing 
to blue. With (3 mols.) fuming HNO, in acetic acid 
yields trinitro deriv. M.P. 280®. Forms no picrate. 
174° Tetramethyldiaminobenzophenone (Michler's Ketone) 

{CH,),N.C,H4-C0.C,H,.N(CH,), (4:4') 
Dimethiodide M.P. 105®. On distillation with Zn dust 
yields tetramethyldiaminodiphenylmethane M.P. 90®. 
On adding solid KNO, to soln. in cone. HjSO, yields 
mononitro deriv. M.P. 144®. Oxime M.P. 233®. 
Phenylhydrazone M.P. 174®. Picrate M.P. 156®. 

HETEROCYCLIC BASES 

LIQUID 

105® Piperidine CH,*CH,*NH 
CH,CH,CH, 

D. 0-876 (4®). Miscible with water. Hydrochloride 
M.P. 237®. Acetyl deriv. B.P. 226®. Benzoyl deriv. 
M.P. 48°, B.P. 320®. w-Nitrobenzoyl deriv. M.P. 83®. 
Benzenesulphonyl deriv. M.P. 93®. ^-Bromoben- 
zenesulphonyl deriv. M.P. 88®. 2:4-Dinitrophenyl 
, deriv. M.P. 92®. Compound with phenyl isocyanate 
M.P. 171®. Nitroso deriv. B.P. 218®. 

115® Pyridine GH-CH:N 

0.0*989 (15®). Miscible with water. Characteristic 
odour. Much weaker base than, most trialkyl amines. 
Hydrobromide M.P. 2oo°d. Platinichloride M.P. 
241®. With 2:4-dinitrochlorobenzene forms addition 
product M.P. 201® which gives purple colour with dil. 
NaOH. Methiodide M.P. 117®. Ethiodide M.P. 90®. 
With chloroacetic acid forms addition product M.P. 
202®. Picrate M.P. 167®. Perchlorate M.P. 209®. 
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a-Picoline 


CHCHiN 

CHCHicH, 


D. 0*950 (15°). Closely resembles ppdine. On 
boiling with dil. KMnOi yields picolinic acid M.P. 
137®, Methiodide M.P. 224®. Ethiodide M.P. 123®. 
Picrate M.P. 169®. 


Quinoline 


XH:C 

C.h/ I 

\N :C 


D. 1*094 (20®). Hydrochloride (+ iHgO) M.P. 93', 
(anhydrous) M.P. 134®. Acid sulphate M.P. 164®. 
Bichromate M.P. 165®. Platinichloride M.P. 218®. 
Methiodide M.P. 72® (hydrated), 133® (anhydrous). 
Ethiodide M^P. 159®. No reaction with HNOg. 
Reduced by Sn -1- HCl to tetrahydro deriv. B.P. 251® 
{q.v.). On adding bleaching powder soln. to soln. in 
boric acid yields chloroquinolineM.P. 112°, which with 
NaOH yields carbostyril M.P. 199®. Picrate M.P. 
203®. Tartrate M.P. 126® is sparingly sol. in ale. 


woQuinoline 




M.P. 24®. D. 1*096 (25°). Stronger base than 
quinoline. Does not react with HNO|. Acid sul- 
phate M.P. 205®. Bichromate d. 150®. Platini- 
chloride M.P. 263®d. Methiodide M.P. 159®. Eth- 
iodide M.P. 148®. Picrate M.P. 222®. 


Quinaldine 


/CH;CH 

I 

^ :C*CH, 


D. 1*059 (20®). Acid sulphate M.P. 212®. Platini- 
chloride M.P. 226®, Mercurichloride M.P. 165®. 
Bichromate M.P. no® is almost insol. in cold water. 
Methiodide M.P. 195® and ethiodide M.P. 233® form 
more slowly than the corresponding quinoline derivs. 
No reaction with HNO*. On heating to 190® with 
phthalic anhydride yields quinophthalone M,P. 239® 
(yellow). On boiling with cone. HNO, yields nitro- 
quinal^c acid M.P. 219®. Picrate M.P. 191®. 


Tetrahydroquinoline 


\nh* ch, 


D. 1*063 (15®). On long boiling with nitrobenzene 
yields quinoline B.P. 239®. Hydrochloride M.P. 181®. 
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207 


Add sulphate M.P. 136®. Platimchloride M.P. 200®. 
Nitrosoamine (oil) yields 6-mtroso deriv. M.P. 134® 
with HCl gas in ale. Acetyl deriv. B.P. 295®. 
Benzoyl deriv. M.P. 75®. Benzenesulphonyl deriv. 
M.P. 67®. 

SOUD 


Piperazine Hydrate. See Piperazine M.P. 104®. 
Piperazine CH,-NH-CH, 

B.P. 140®. Readily sol. in water, sparingly in ether. 
Odourless. Forms a hydrate M.P. 44®. Diacetyl 
deriv. M.P. 134®. Di^nzoyl deriv. M.P. 191®. 
Dibenzenesulphonyl deriv. M.P. 282®. Dinitroso 
deriv. M.P. 158®. 

Carbazole C1H4V 

I >NH 

c.h/ 

B.P. 351®. Very weak base ; salts with mineral acids 
are hydrolysed by water, Forms K deriv. on fusion 
with KOH. Yields NH, on ignition with soda-lime. 
Soln in cone. HjSOi gives green colour with trace of 
NaNO,. Gives red colour with pine chip moistened 
with cone. HCl. Gives blue colour with dil. soln. of 
isatin in cone. H,SO«. Nitrosoamine M.P. 84®. 
Acetyl deriv. M.P. 69®. Benzoyl deriv. M.P. 98®. 
Picrate M.P. 182®. 

AMINOPHENOLS 


H.P. 

75® /)-Dimethylaminophenol (CH,),N-C,H4*OH (1:4) 

B.P. 165®/3o mm. Readily sol. in cold water and 
ether. Sulphate M.P, 205® is extremely sol in cold 
water and cone. HCl. Oxalate M.P. 190° is moder- 
ately sol. in water and ale. Soln. in dil. NaOH darkens 
in air, giving odour of methyl wocyanide. Gives no 
colour with FeCl, or AgNO, in cold ; odour of quinone 
on warming. Soln in dil. add gives brown colour and 
evolves gas on adding NaNO,. Acetyl deriv. M.P. 
78®. Benzoyl deriv. M.P. 158®. 

79®d. 2;4-Diaminophenol HO-CjHjINH,), (1:2:4) 

Readily sol. in cold water. l^piAy o^di^ by air. 
Hydrochloride M.P. 295®d. is sparingly sol. in cone. 
HCL Oxalate M,P. 333®d. is slightly sol in cold 
water. Gives intense red colourwi&i FeCl, or AgNO,; 
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ao8 

M.P. 

no odour on warming. Aik. soln darkens rapidly in 
air. Triacetyl deriv. M.P. i8o®. Tribenzoyl deriv. 
M.P. 231®. Benzal deriv. is amorphous. Picrate 
M.P. i8o®d. 

85® /)-Methylaminophenol HO-C,H4*NH*CH, (1:4) 

Sol. in about 10 parts of cold water ; readily sol. in 
ether. Sulphate M.P. 262 ®d. is sol. in 10 parts of cold 
water and in 3 parts of cold cone. HCl. Aik. soln 
darkens in air, giving odour of methyl wocyanide. 
Gives purple colour with FeCl, or AgNO, in cold ; 
odour of quinone on warming. Nitrosoamine M.P. 
136® is colourless and insol. in water. Diacetyl deriv. 
M.P. 97® is sol. in cold water. Monoacetyl deriv. M.P. 

' 240® is insol. in cold water. Dibenzoyl deriv. M.P. 

175®. 

96® o-Methylaminophenol HO-C,H4*NH*CHj (1:2) 

Sparingly sol. m cold water. Sulphate M.P. 240® is 
sol. in 3 parts of cold cone. HCl. Aik. soln develops 
dark green colour in air, giving odour of methyl 
«ocyanide. Gives purple colour with FeCl, in cold ; 
no odour on warming, colour changes to red-brown. 
Gives yellow-brown colour with AgNO 5 changing to 
red-brown on warming. Nitrosoamine M.P. I30°d. is 
colourless and insol. in cold water. Diacetyl deriv. is 
liquid, sol. in cold water. Monoacetyl deriv. M.P. 
150®. Dibenzoyl deriv. M.P. 150®. 

122® w-Aminophenol HO-CeHi-NH, (1:3) 

Sparingly sol. in cold water and benzene. Hydro- 
chloride M.P. 237® gives no characteristic colour with 
FeCl, in cold ; soln. darkens on warming. Benzal 
deriv. is amorphous. Diacetyl deriv. M.P. loi®. 
Monoacetyl deriv. M.P. 148®. Dibenzoyl deriv. M.P. 
i53°- 

174® o-Aminophenol HO-C,H4NH4 (1:2) 

Sparingly sol. in cold water, readily in ether. Hydro- 
chloride M.P. 210® is sparingly sol. in cone. HCl. 
Gives dark brown ppte. with FeCl, ; no odour of 
quinone on warming. With AgNO, gives yellow- 
brown colour slowly in cold, rapidly on warming. 
Benzal deriv. M.P. 89®. On boding with acetic acid 
or anhydride yields methyl benzoxazole B.P. 200®/ 
which on standing with very dd. HCl yields the 
monoacetyl deriv. M.P. 201®. Dibenzoyl deriv. M.P. 
182® (insol. in ligroin) on heating yields phenylbenz- 
oxazole M.P. 103® (sol. in ligroin) and benzoic acid. 
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M.P. 

I76°d. 5-Amino-o-creSol CH, -C, H, (OH) -NH, (1:2:5) 

Sparingly sol in cold water ; sol. in ether. Salts are 
atoost insol. in cold cone. HCl. Aik. soln. darkens 
rapidly in air. With FeCl, or AgNO, gives purple 
colour in cold ; on warming, toluquinone M.P. 68® is 
formed. Benzal deriv. M.P. 208°. Diacetyl deriv. 
M.P. 103®. Monoacetyl deriv. M.P. 179®. Dibenzoyl 
deriv. M.P. 194®. 

i84®d. />-Aminophenol HO-C,H4*NH, (1:4) 

Sol. in about 100 parts of cold water ; sparingly sol. 
in ether. Hydrochloride M.P. 3o6®d. is almost insol. in 
cold cone. HCl. Aik. soln. darkens rapidly in air (no 
odour). With FeClj or AgNO, gives purple colour in 
cold ; on warming, benzoquinone M.P. 116® is formed. 
Soln in dil. HCl gives ppte of quinonechloroimide 
M.P. 85° with NaOCl. Benzal deriv. M.P. 183®. 
Diacetyl deriv. M.P. 150®. Monoacetyl deriv. M.P. 
168®. Dibenzoyl deriv., M.P. 234®. 

XH:CH 

199° Carbostyril C.H,/ | 

\n :C 0 H 

Almost insol. in cold water, Sol. in dil. NaOH ; Nasalt 
crysts on adding excess cone. NaOH. Ba salt is spar- 
ingly sol in water. No colour with FeCl,. On heating 
with Zn dust yields quinoline (q.v.). With cone. 
HNO, + H2SO4 yields 6-nitro deriv. M.P. 280®. 
With PCI5 at 130® yields 2-chloroquinoline M.P. 37®, 
B,P. 275®. 

ALDEHYDE-AMMONIAS 

and Condensation Products of Aldehydes with Amines 

SOLID 

M.P. 

54® Benzalaniline C,H5'CH:N-C,H, 

B.P. about 300®. Insol in water. Volatile with 
steam. On boiling with HCl yields benzaldehyde B.P. 
1 79® and aniline HCl (q.v ,) . Forms a dibromide M.P. 
I42°d. which with pyridine (or NaOH in ale.) yields 
benzaldehyde and /)-bromoamline M.P. 63®. 

93® Acetaldehyde-Ammonia CH,-CH— NH CHXH, 

NH-CH(CHj-:bIH 

B.P. i23®d. Readily sol. in water, sparingly in ether. 
Forms a trihydrate M.P. 70-80®. Yields NH, on 

O.A. P 
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warming with dil. NaOH (not in cold). On warming 
with dil, HCl yields acetaldehyde B.P. 21® and NH4CI. 
On warming with ethyl acetoacetate yields ethyl 
dihydrocollidmedicarboxylate M.P. 131°. With HNO , 
yields nitrosoparaldimine B.P. 95®/35 mm. (yellow, 
insol. in water). 

102° Hydrobenzamide CeH4*CH:N-CH(C,H5)N:CH*C4H5 
Insol. in water. With dil. HCl in cold yields benz- 
aldehyde B.P. 179® and NH4CI. On warming with 
aniline yields benzalaniline M.P. 54® and NH,. 

280® Hexamethylenetetramine (Urotropine) C,Hi4N4 

Readily sol. in cold water. On warming wili dil. HCl 
yields formaldehyde {q.v.) and NH4CI. Soln. in very 
dil. HCl yields trimetiiylenetrmitrosoamine M.P. 105® 
with NaNOj. On adding cone. HNO, to 25% soln. 
in water at o® yields a cryst. nitrate M.P. 165®. On 
gradually adding to 95% HNO, at 20-30® and pouring 
into ice-water yields trimethylenetrinitroamine M.P. 
200®. Forms a red tetrabromdde which on standing 
in air loses bromine to form a yellow dibromide M.P. 
i96-200®d. 

SIMPLE AMIDES AND IMIDES 
Including Ureas and Guanidines 

SOLID 

if.p. 

3® Formamide H-CONH, 

B.P. 105®/! I mm. ; on heating under atm. press, 
decomposes yielding NH,, CO and H, 0 . D. 1-337 
(14°) . Miscible in all proportions with water and ale., 
sparingly sol. in ether. Yields CO on heating with 
cone. HjSO,. On heating with aniline yields form- 
anilide M.P. 46® and NH, ; with a-naphthylamine 
yields formyl a-naphthylamine M.P. 138®. 

Guanidine (NH,),C:NH 

Alkaline, deliquescent solid. Carbonate M.P. 197®. 
Nitrate M.P. 214®. Nitrite M.P. 77®. Acetate M.P. 
229®. Hydrochloride M.P. 172®. Thiocyanate M.P. 
1 18®. Picrate M.P. above 280® is almost insol. in 
cold water. Rapidly oxidised by KMnO,. On bod- 
ing with Ba(OH), yields urea {q.v.) and NH,. With 
alk. NaOCl gives yellow colour changing to orange- 
red. With cone. HNO, -f HiSO, in cold yields 
nitroguanidine M.P. 230®d. (long needles from hot 
water). 
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— Methylguanidine (NH,),C:N*CH, 

Alk^e, deliquescent solid. Nitrate M.P. 150“. 
Sulphate M.P. 240°. Platinichloride M.P. 194° is 
readily sol. in water. Aurichloride M.P. 198®. Pic- 
rate M.P. 201®. On boiling with HCl yields NH4CI 
and methylamine HCl (q.v.). Rapidly oxidised by 
KMn 04 . 

~ fls-Dimethylguanidine NHj-C(:NH)N{CHj), 

Resembles methylguanidine. Sulphate M.P. 285®d. 
Aurichloride M.P. 144®. Picrate M.P. 224®. 

49® Ethyl Carbamate. See Ester— Amides. 

52® Methyl Carbamate. See Ester— Amides. 

54® w-Butyl Carbamate. See Ester— Amides. 

55® isoButyl Carbamate. See Ester— Amides. 

60® M-Propyl Carbamate. See Ester— Amides. 

64® isoAmyl Carbamate. See Ester— Amides. 

79® Propionamide CHj-CHj-CONHj 

B.P. 213®. Readdy sol. in water, ale., and ether. 
With 75% HjS 04 at 120® yields propionic acid B.P. 
140“. On heating with aniline yields propionanilide 
M.P. 103® and NH,; with a-naphthylamine yields 
propionyl a-naphthylamine M.P. ii6®. 

82® Acetamide CHj-CONH, 

B.P. 222°. Readily sol. in water and in ale. ; almost 

insol. in ether. Forms a platinichloride M.P. 225®d. 
sparingly sol. in water and ale. Picrate M.P. 107®. 
On distilling with cone. HjS04 yields acetic acid M.P. 
16°, B.P. n8®. On heating with aniline yields 

acetanilide M.P. 115® and NH,; with a-naphthyl- 
amine yields acetyl a-naphthylamine M.P. 159®. 

92® «soPropyl Carbamate. See Ester— Amides. 

96® Semicarbazide. See Hydrazine Derivatives. 

05® Dicyandiamidine NH,-C(:NH)*NH-CONH, 

Strong base. Sol. in water; sparingly sol. in cold 
ale., insol. in ether and in benzene. Hydrochloride 
M.P. 173®. Sulphate M.P. 194®. Picrate M.P. 265® 
is almost insol: in water. Evolves NH, on heating to 
160® or on boiling with water. On warming with 
Ba(OH) , soln. yields NH „ CO , and urea (q.v.). With 
CuSO, -f NaOH yields a sparingly sol. red Cu salt. 
Ni salt is yellow and insol. in water. 

[4® Ethyl Oxamate. See Ester— Amides, 
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1 15® ^t-Butyramide CHj-CH,-CH,*CONH, 

B.P. 216°. Readily sol. in water, ale. and ether. 
With 75% H,S04 at 120® yields w-butyric acid B.P. 
163°. On heating with aniline yields «-butyranilide 
M.P. 90®; with a-naphthylamine yields «-butyryl 
a-naphthylamine M.P. 120®. 

CHjCOv 

125® Succinimide | \NH 
CH,-CO/ 

B.P. 287®. On boiling with HCl yields succinic acid 
M.P. 185® and NH4CI; on warming with Ba(OH)* 
soln. yields succinamic acid M.P. 157®. On igniting 
with Zn dust yields pyrrole (vapours redden aniline 
acetate paper). On heating with aniline yields suc- 
cinanil M.P. 156® and NH,. 

128® Benzamide CjHj-CONHj 

B.P. 290®. Sparingly sol. in cold water. With 75 % 
HjS 04 at 120® yields benzoic acid M.P. 121®. On 
heating with PCI* or POCl, yields benzonitrile B.P. 
190® and HCl. On heating with aniline yields benz- 
anilide M.P. 160® and NHf. 

129® isoButyramide (CHJjCH-CONH, 

B.P. 218®. Sol. in water, ale., and ether. With 
75% H,S04 at 120® yields wobutyric acid B.P. 155®. 
On heating with aniline yields isobutyranilide M.P. 
105® and NHj. 

132® Urea (Carbamide) CO(NH2), 

Sol. in I part of water at 17®, in 5 parts of CH,OH 
at 20®, and in 20 parts of abs. ale. at 20® ; almost 
insol. in ether. Nitrate M.P. 163® is sparingly sol. 
in HNO,. Oxalate M.P. 171®. On heating to 150® 
yields biuret M.P.. 192® and NH,. Evolves N| with 
NaOBr soln. On boiling with HCl yields CO, and 
NH 4CI ; slowly evolves NH, on boiling with dil. NaOH. 
On wanning with soln of aniline HCl yields phenylurea 
M.P. 147® and carbanilide M.P. 238° ; on heating 
with anihne 3delds carbanilide and NH,. On treating 
extremely diL soln. in 50% acetic acid with xanthy- 
drol in ale. yields insol. dixanthenylurea M.P. 265®. 

139° Salicylamide HO-C4H4-CONH, (1:2) 

Sparingly sol. in cold water. Gives violet colour with 
FeCl,. Sol. in cold dil. NaOH ; ppted unchanged 
by CO,. On boiling with NaOH yields salicylic acid 
M.P. 155® and NH,. Acetyl deriv. M.P. 143®. 
Benzoyl deriv. M.P. 200®. Methyl ether M.P. 128®. 
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147® Phenylurea C,H,-NH-CONH, 

Sol. in hot water. On heating above M.P. yields 
NH„ CO, and carbanUide M.P. 238°. On heating 
with aniline or on boiling with soh of aniline HCl 
yields carbanilide. On boiling with HCl yields aniline 
HCl (q.v.) and NH4CI ; wi& NaOH yields aniline 
and NH,. Xanthenyl deriv. M.P. 225®. 

147® Diphenylguanidine (C,H5-NH),C:NH 

Insol. in water, sol. in dU. HCl. Nitrate and oxalate 
. are sparingly sol. in cold water. On heating to 
170-180® for I hour breaks down into NH„ aniline 
B.P. 183® and triphenyldicarbimide M.P. 70-74® (soln. 
in ether has violet fluorescence). On boiling with 
HCl yields NH4CI and aniline HCl {q.v.). With acetic 
anhydride at 100® yields acetanilide M.P. 114® and 
s-acetylphenylureaM.P. 183®. Perchlorate M.P. 162®. 

149" Benzylurea C4H5‘CH,-NH*CONH, 

Sol. in hot water. On heating to 200® yields CO ,,NH , 
and dibenzylurea M.P. 167®. On boiling with HCl 
yields benzylamine HCl {q.v.) and NH4CI. 

154® Phenylacetamide C,Hj*CH,‘CONH, 

B.P. 262®d. Sparingly sol. in cold water. On boiling 
with HCl yields phenylacetic acid M.P. 76® and NH4CI. 
On heating with aniline yields phenylacetanilide M.P. 
117® ‘and NH,. 

1 70® Malonamide CH ,(CONH ,) , 

Sol. in 10 parts of cold water ; insol. in abs. ale. and 
in ether. Gives red colour with CuSO, 4 - dil. NaOH. 
On boiling with cone. HCl yields acetic acid {q.v.) 
and NH4CI. On boiling with NaOH yields malonic 
acid M.P. 133® and NH,. On heating with aniline 
yields malonanilide M.P. 224® and NH,. 

COCO<X) 

d.170® Alloxan 1 | + H ,0 

NH-CO-NH 

Crystallises from water with 4H,0. On heating 
alone yields NH,, CO, and CO. Very sol. in cold 
water ; soln develops red colour on skin. On 
boiling with NaOH evolves NH,. Gives blue colour 
with ferrous salts. Gives yellow colour with phenyl- 
hydrazine HCl .soln. With SnCl, in dil. HCl yields 
insol. alloxantin, which gives a blue ppte with Ba(OH) , 
soln. On warming with NH,OH*HCl soln .yields 
violuric acid, which forms a purple soln. in Na,CO,. 
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173° ^-Phenetylurea (‘ Dulcin ') 

C*H 50 -C,H 4 *NH-C 0 NH, (i.:4) 
Sparingly sol. in cold water ; soln. has sweet taste. 
On heating above M.P. yields NH,, CO, and di-p- 
phenetylurea M.P. 235®. On boiling with HCl yields 
^-phenetidine HCl (q.v.) and NH4CI. On boiUng 
with 48% HBr yields /)-aminophenol HBr [q.v.), 
NHiBr and ethyl bromide B.P. 38°. 

i8i° ^Tolylurea CH,-C,H4«NH*CONH, {1:4) 

Sol. in hot water. On heating alx)ve M.P. 3n[elds 
NH„ CO, and di-/)-tolylurea M.P. 268®. On boiling 
with HCl yields /)-toluidine HCl (q.v.) and NH4CI. 

191" o-Tolylurea CH,«C.H4-NH-CONH, (1:2) 

Sol. in hot water. On heating above M.P. yields 
NH,, CO, and di-o-tolylurea M.P. 250°. On boiling 
with HCl yields o-toluidine HCl (q.v.)- and NH4CI. 
Xanthenyl deriv. M.P. 228°. 

i92®d. Biuret NH,*CO-NH-CONH, 

S,ol. in 65 parts of water at 15®, in 2*2 parts on boiling. 
On heating above M.P. yields NH,. Gives red colour 
with trace of CuSO, -}- dil, NaOH ; with excess of 
CuSO, colour is violet. On boiling with Ba{OH), 
soln. yields NH„ CO, (as BaCO,) and urea (q.v.). 
On adding to cone. HNO, -f HjSO, at 0® and pouring 
on to ice yields nitro deriv. M.P. i65®d. On heating 
with aniline yields diphenylbiuret M.P. 210® and NH,. 
Dixanthenyl deriv. M.P. 260®. 

2i9®d. Phthalamide C,H4(CONH,), (1:2) 

On heating above M.P. yields phthalimide M.P. 233° 
and NH,. On boiling with HCl yields phthalic acid 
M.P. 195° and NH4CI On heating with aniline yields 
phthal^ M.P. 205° and NH,.. 

226® /-Asparagine. See Amino Acids, etc. 

233® Phthalimide CeH4<^^^ NH 

Almost insol. in cold water. On boiling with dil. 
NaOH yields ^thalic acid M.P. 195® and NH, ; on 
warming with Ba(OH), soln. yields phthalamidic acid 
M.P. 148®. On adding ale. KOH to soln. in ale. 
yields cryst. ppte of K deriv., which on heating with 
benzyl chloride yields benzylphthalimide M.P. 115®. 
On heating with aniline yields phthalanil M.P. 205® 
and NH,. 
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d.24o° Barbituric Acid CO’CH,'CO 
NH-CO-liH 

Decomposes on heating, yielding NH,. Readily sol. 
in hot water, sparingly in cold; sol. in cold dd. 
NaOH. On boiling with NaOH yields NH, and 
Na malonate. NH 4 salt is sparingly sol. in cold water. 
Gives yellow ppte with AgNO,. With NaNO , soln. in 
cold yields Na violurate (purple soln.). With bromine 
in water yields dibromo deriv. M.P. 235°d. With 
acid diazobenzene soln. yields sparingly sol. alloxan 
phenylhydrazone M.P. 284" (sol. in K,CO, with 
reddish yellow colour; soln. loses NH, on boiling 
giving a pure yellow soln. which with HCl gives a 
product M.P. 164°). 

242® Succinamide NH,*CO-CH,-CH,-CO-NH, 

Sol. in about 200 parts of cold water, in 9 parts on 
boiling ; insol. in abs. ale. and in ether. On heating 
above M.P. yields succinimide M.P. 125® and NH,. 
On boiling with dil. NaOH yields succinic acid M.P. 
185® and NH,. On heating with aniline yields sue- 
cinanil M.P. 156® and NH,. 

3i5®d. Creatine NH,*C(:NH)-N(CH,)-CH,;COOH 

Sol. in 75 parts of water at 18® ; insol. in ale. and in 
ether. Yields NH, on boding with dil. NaOH or 
Ba(OH),. On warming with mineral acids yields 
creatinine (^.i;.). On adding AgNO, and then KOH 
gives a white ppte. sol. in excess of KOH ; this soln. 
gelatinises on standing and darkens slowly in cold 
(rapidly on warming). With HgCl, and KOH gives 
similar ppte. which darkens on standing but is insol. 
in- KOH, 

3i5®d. Creatinine NH;C-NH~CO 
i!r(CH,). I;h, 

Sol. in 11*5 parts of water at 16® ; sparingly sol. in 
ale. Oxidised by KMnO, to oxalic acid and methyl- 
guanidine {q.v.). On saturating sob. with NO, and 
fiien addmg NH4OH yields msol. nitroso deriv. M.P. 
210®. Reduces Fehlmg’s sob. givmg wUte flocculent 
ppte of creatinbe-cuprous oxide. With nitroprusside 
NaOH gives red colour changbg to yellow ; on 
adding acetic acid and warmbg, colour changes to 
blue. Gives red colour with picric acid -f NaOH. 
Forms a compound with ZnCl,, sol. b 54 parts of 
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water at 15®, insoL in ale. Picrate M.P. 220® is 
almost insol. in water. 

418® Oxamide NH,-CO-CO*NH, 

M.P. observable in sealed tube ; subl. in open tube. 
Almost insol. in cold water, ale. and ether. Gives 
red colour with CuSOi + dil. NaOH. On boiling 
with dU. NaOH yields oxalic acid (q.v.) and NH,. On 
heating with aniline yields oxanilide M.P. 245® and 
NH,. 

d. Uric Acid. See Purines. 

SUBSTITUTED AMIDES AND IMIDES 
(ACYL AMINES) 

(Including Guanidines) 

LIQUID 

221® Formyl Piperidine CH,CH, N CHO 

I I 

CH,*CH,CH, 

D. 1-019 (23°)- Miscible with water. Weak base. 
Hydrobromide M.P. 203®. On boiling with HCl 
yields formic acid (q.v.) and piperidine HCl (q.v.). 
Forms a compound with HgCl, M.P. 148®. 

226® Acetyl Piperidine CHj-CHj-N-COCH, 

I I 

CH,*CH,-CH, 

D. I -01 1 (9®). Miscible with water. Weak base. 
Hydrochloride M.P. 95®. Hydrobromide M.P. 131®. 
On boiling with HCl yields acetic acid B.P. 118° and 
piperidine HCl (q.v.). 

SOLID 

M.P. 

47® FormaniUde C,H,-NH-CHO 

B.P. 271®. Slightly sol. in cold water. On boiling 
with HCl yields formic acid (q.v.) and aniline HCl 
(q.v.). On heating with Zn dust yields CO, C 0 „ 
aniline and benzonitrile (q.v.). With NaOH in ale. 
gives ppte of Na deriv. ; on warming this with benzyl 
chloride yields benzylformanilide M.P. 48®, which on 
hydrolysis yields benzylaniIineM.P. 37®. On warming 
with CHCl, 4- KOH in ale. gives odour of phenyl 
W(x;yanide. 



SUBSTITUTED AMIDES AND IMIDES 217 

47° Benzoyl Piperidine CH,-CH|*N-COC,Hj 



B.P. 320®. Insol. in water. On boiling with HCl 
yields benzoic acid M.P. 121® and piperidine HCl 
{q.v.). On slowly distilling with (i mol.) PCI5 yields 
i:5-dichloropentane B.P. 177° (insol. in cold cone. 
HjSOi), benzonitrile B.P. 190® (sol. in cold cone. 
HjSOJ and POCI3 (decomp, by cold water). 

52® Ethyl Carbanilate. See Ester — ^Amides. 

54® Ethylacebinilide C,H,-N(C,H5)-CO-CH3 

B.P. 249®. OnboUmg witt HCl yields acetic acid 
B.P. 118® and ethylaniline HCl {q.v.). With cone. 
HNOj + HjSOi at 40® yields p-nitro deriv. M.P. 
118®, which on hydrolysis yields ^-nitroethylaniline 
M.P. 95®. 

66® Ethyl Oxanilate. See Ester— Amides. 

73® Formyl Diphenylamine (C3Hj),N-CHO 

On boiling with HCl yields formic acid [q.v.) and di- 
phenylamine M.P. 54®. Soln. in cone. HjSOi gives 
blue colour with trace of HNO3. 

79" DiethylcarbanUide C3H5*N(C,H3)-CO-N(C3H5)-C,H3 
On boiling with HCl yields ethylaniline HCl (q.v.). 

85® Acetoacetanihde CH,-CO'CH,-CO-NH-C,H, 

Sol. in hot water. Gives violet colour with FeCl3. 
On boiling with HCl yields acetic acid B.P. 118® and 
aniline HCl (q.v.). On heating with aniline yields 
acetone B.P. 56® and carbanilide M.P. 238®. On 
warming with cone. HjSO* yields lepidone M.P. 224®. 

90® «-Butyranilide CH,-CH,-CH3CO*NHC3Hj 

On boiling with HCl yields «-butyric add B.P. 163® 
and aniline HCl (q.v.) 

101 ® Acetyl Diphenylamine (C3H 5) ,N -CO-CH , 

On boiling with HCl yields acetic acid B.P. 118® 
and diphenylamine M.P. 54®. Soln. in cone. HjSO, 
giv^ blue colour with trace of HNO,. 

102® MethylacetaniUde C,H3-N(CH,)-CO-CH, 

B.P. 237®. On boiUng with HCl yields acetic acid 
B.P. 118° and methylaniline HCl (q.v.). With cone. 
HNO, + HjSO* at 40® yields />-nitro deriv. M.P. 
153®, which on hydrolysis yields p-nitromethylaniline 
M.P. 152®. 

103® Propionanilide CH,-CH,*CO»NH‘C,Hj 

On boiling with HCl yields propionic add B.P. 140® 
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and aniline HCl (q,v). With cone. HNO* -f HjSOi 
at 0® yields p-mtro deriv. M.P. 182®, which on hydro- 
lysis yields ^-nitroaniline M.P. 147°. 

112® o-Acetotoluidide CH,-C,H4*NH*CO-CH, (1:2) 

B.P. 303®. Sol. in hot water. On boiling with HCl 
yields acetic acid B.P. 118° and o-toluidine HCl 
iq.v.). With hot KMn04 soln yields acetylanthranilic 
acid M.P. 185®. 

113® Antipyrine. See Hydrazine Derivatives. 

1 14® Acetanilide CH,‘CO‘NH‘C,H5 

B.P. 304®. Sol. in hot water. On boiling with HCl 
yields acetic acid B.P. 118® and aniline HCl (q.v.). 
With (i mol.) bromine in acetic acid )delds />-bromo 
deriv. M.P. 167®, which on hydrolysis yields />-bromo- 
aniline M.P. 63®. With NaOCl soln yields i\^-chloro 
deriv. M.P. 91®, which with acetic acid + trace of 
HCl yields /j-chloro deriv. M.P. 179°. With cone. 
HNO, + HjS 04 yields ^-nitro deriv. M.P. 210®, which 
on hydrolysis yields />-nitroaniIine M.P. 147®. 

115® woValeraniHde (CH,) jCH-CHj-CO-NH-CtHj 

On boiling with HCl yields wavaleric acid B.P. 155® 
and aniline HCl {q.v.), 

117® Phenylacetanilide CeHj-CHa-CO-NH-CiHj 

On boiling with HCl yields phenylacetic acid M.P. 
76® and aniline HCl {q.v.). With coric. HNOj in cold 
yields oxides on nitrogen and 2:4-dinitrophenylacetic 
acid M.P. 189®. 

120® Dimethylcarbanilide C4H4-N(CH,)*CO'N(CH,)*C,H, 
B.P. 350®. On boiling with HCl yields methylaniline 
HCl {q.v.), 

127® Phenylmethylp)rrazolone. See Hydrazine Derivatives. 

128® Acetylphenylhydrazine. See Hydrazine Derivatives. 

129° Pipeline (CH40,):C4H,['CH:CH],€0-NC5H,o (1:2:4) 
On boiling with HCl yields piperic acid M.P. 216® 
and piperidine HCl {q.v.). With acid KMn04 soln. 
yields piperonal M.P. 37®. 

133® 4-Aceto-m-^lidide (CH,),C4H,'NH'CO-CH, (1:3:4) 
On boiling with HCl yields acetic acid B.P, 118® and 
w-i^lidine HCl {q.v.). With fuming HNO, yields 
5-nitro deriv. M.P. 172° ; on slowly sdding KNO, to 
soln. in cone. H,S04 yields 6-nitro deriv. M.P. 159®. 

® j?-Acetnaphthylamide C„H,-NH<X>-CH, (2) 

On boiling with HCl yields acetic acid B.P. 118® and 


134' 
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M.P. 

j?-naphthylamine HCl (q.v.). With (i mol) bromine 
in acetic acid yields i-bromo deriv. M.P. 140°. With 
fuming HNO, yields two dinitro derivs., one sol. in ale. 
M.P. 185°, the other insol in ale. M.P. 235®. 

135® Aceto-/>-phenetidide (‘ Phenacetine ’) 

C,H,0-C,H4-NH-C0*CH, (1:4) 
On boiling with HQ yields acetic acid B.P. ii8® 
and ^-phenetidine HCl {q.v.); on boiling with 48% 
HBr yields acetic acid, ethyl bromide B.P. 38® and 
/>-aminophenol HCl (q.v.).. On warming with (2 mols.) 
10% HNOj yields 3’nitro deriv. M.P. 103®, which 
on hydrolysis yields nitrophenetidine M.P. 113®. 

143® o-Benzotoluidide CH3-CeH4*NH-CO-C,H5 (1:2) 

On boiling with HCl yields benzoic acid M.P. 12 1® 
and o-toluidine HCl [q.v.). With hot KMn04 soln. 
yields benzoylanthranilic acid M.P. 177®. 

145® Triphenylguanidine C,H5-N:C(NH-C4H5)| 

Insol. in water. Weak base. Hydrochloride M.P. 
241®. Nitrate and oxalate are sparingly sol in cold 
water. Picrate M.P. 180®. On heating yields aniline 
B.P. 183® and carbodiphenylimide B.P. 330®. On 
boiling with cone. KOH soln. yields aniline. 

147® ^-Acetotoluidide CH,‘C,H4-NH'CO-CH, (1:4) 

B.P, 307®. On boiling with HCl yields acetic acid 
B.P. 1 18® and />-toluidine HCl (q.v.). On adding to 
oonc, HNO, + H,S04 at 30-40® )delds 3-nitro deriv. 
M.P. 144®, winch on hydrolysis 3rields nitrotoluidine 
M.P. 1 16®. With (i mol.) bromine in acetic acid 
yields 3-bromo deriv. M.P. 117®. With hot KMn04 
spin yields /?-acetaminobenzoic acid M.P. 256®. 

147® Phenylurea. See Simple Amides. 

147® Diphenylguanidine. See Simple Amides. 

148® Oxanilic Acid. See Amino Acids, etc. 

149® Benzylurea. See Simple Amides. 

153® Cinnamanilide C4H5-CH:CH-C0*NH*C,H, 

On boding with HCl yields cinnamic acid M.P. 133® 
and aniline HCl (q.v.). Yields benzaldehyde B.P. 179® 
and benzoic acid M.P. 121® with acid KMn04. 

CH,-CO y 

156® Succinanil | Nn-CiH, 

CH,CO/ 

On boiling with HCl yields succinic acid M.P. 185® 
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and aniline HCl (q.v.). On wanning wilii Ba{OH)i 
soln. yields succinanilic acid M.P. 148®. 

158® ^-Benzotoluidide C,H5*CO-NH*C,H|*CH, (1:4) 

On boiling with HCl yields benzoic acid M.P. 121® 
and /)-toluidine HCl (q.v). With fuming HNO, at 
0® )delds dinitro deriv. M.P. 186®. With CrO, in 
acetic acid yields ^-benzoylaminobenzoic acid M.P. 
278®. 

159® a-Acetnaphthylamide CioH,*NH-CO*CH, (i) 

On boiling with HCl yields acetic acid B.P. 118® and 
a-naphthylamine HCl (q.v). With fuming HNQ3 
in acetic acid yields dinitro deriv. M.P. 250®. With 
(i mol.) bromine in acetic acid yields 4-bromo deriv, 
M.P. 193®. 

161® Benzanilide CaHj-CO-NHO.H, 

On boiling with HCl yields benzoic acid M.P. 12 1® and 
aniline HCl (q.v). On adding to 77% HNO, at o*^ 
and at once pouring into water yields o-nitro deriv. 
M.P. 94® (sol. in cold ale.) and ^-nitro deriv. M.P. 
199® (insoL in cold ale.). With (i mol.) bromine in 
acetic acid yields ^-bromo deriv. M.P. 204®. 

162® /^-Aminoacetandide CHjCO-NH-CeHi-NH, (1:4) 

On boiling with HCl yields acetic acid B.P. 118® and 
/>-phenylenediamine HCl (q.v). Sol. in hot water 
and in cold dil. HCl. On boiling with acetic acid 
or with cold acetic anhydride yields diacetyl-/>- 
phenylenediamine M.P. 304®. Benzal deriv. M.P. 
165®. Azo-j 3 -naphthol deriv. M.P. 261°. 

167® 5-Dibenzylurea C0(NH'CH,-C,H5), 

On boiling with HCl 3delds benzylamine HCl (q.v) 

168® 5-Benzoylphenylhydrazine. See Hydrazine Derivs. 

185® Diacetyl-o-phenylenediamine CeH4(NH-C0'CH,), (1:2) 

Readily sol. in hot water; insol. in benzene. On 
boiling with HCl yields acetic acid B.P. 118® and 
o-phenylenediamine HCl (q.v.). On heating above 
M.P. yields acetic acid and methylbenziminazole 
M.P. 175®. 

187® Hippuric Acid. See Amino Acids, etc. 

191® Diacctyl-w-phenylenediamine C,H4(NHC0-CH,), (1:3) 

Sol. in hot water. On boiling with HCl yields acetic 
acid B.P. 118® and m-phenylenediamine HCl (q.v). 
With cone. HNQ, at 0® in presence of urea yields 
dinitro deriv. M.P. 228®, 
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M.P. 

199® Carbostyril. See Aminophenols. 


205° Phthalanil 


C‘H\co/N‘C‘H« (1:2) 


On boiling with HCl yields phthalic acid M.P. 195® 
and aniline HCl {q.v.). On boiling with Ba(OH) , soln. 
and acidifying yields phthalanilic acid M.P. 169®. 

226® Succinanilide CeH5NH-CO-CH,-CH,*CO-NH€,H5 

On boiling with HGl yields succinic acid M.P. 185® 
and aniline HCl(^.t».). Op heating above M.P. yields 
aniline B.P. 183® and suainanil M.P. 156®. 

238® CarbaniUde COlNH-C.Hj), 

B.P. 270®d. Almost insol. in water. On boiling with 
HCl yields aniline HCl (q.v.). On boiling with acetic 
anhydride + Na acetate yields acetanilide M.P. 115®. 
With cone. HNO, in cold yields di-m-nitro deriv. M.P. 
248®, which on hydrol)rsis yields w-nitroaniline M.P. 
114 ^ 

245® OxaniUde C^Hj-NH-CO-CO-NHC^Hj 

Insol. in hot water ; slightly ^ 1 . in cold ale. and ether. 
On boiling with HCl yields oxalic acid (q.v.) and aniline 
HCl (q.v^. On boiUng with acetic anhydride + Na 
acetate yields vinylideneoxanilide M.P. 208®. With 
fuming HNO, in acetic add yields di-/)-nitro deriv. 
M.P, 260®, which on hydrolysis yields ^-nitroaniline 
M.P. 147®. 

250® 5-Di-o-tolylurea CH,-C,H4-NH-CO-NHC,H,CH, 

(i:2:i':2') 

Almost insol. in water. On boiling with HCl yields 
o-toluidine HCl (q.v.). On boiling with acetic anhy- 
dride -f Na acetate yields o-acetotoluidide M.P. H2®. 

268® s-Di-/)-tolylurea CH,-C,H4-NH-CO-NH-C,H*-CH, 

(i:4:i':4') 

Almost insol. in water. On boiling with HCl yields 
/>-toluidine HCl (q.v.). On boihng with acetic 
anhydride + Na acetate yields ^-acetotoluidide M.P. 
147®. 

304® Diacetyl-/>-phenylenediamine C,H4(NH'CO-CH,),(i:4) 
Sol. in acetic acid ; sparingly sol. in other organic 
liquids. On boiling with HCl yields acetic acid B.P. 
1 1 8® and /)-phenylenediamine HCl (q.v.). With 
fuming HNO, at 0® yields dinitro deriv. M.P. 258®. 
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ESTER— AMIDES 

SOLID 

49®*^' Ethyl Carbamate (Urethane) NH,-COOC,H, 

B.P, 184°. Readily sol. in cold water, ale., and ether. 
On boiling with dil. HCl yields CO,, ethyl ale. B.P. 78° 
and NH4CI. With cold ale. KOH yields cryst. 
KOCN. On boiling with aniline yields NH,, ethyl 
ale. and carbanilide M.P. ^38°. 

52® Ethyl Carbanilate C,H,-NH*COOC,H5 

B.P. 237°d, Almost insol. in cold water. On boiling 
with HCl yields ethyl ale. B.P. 78° and aniline HCl 
(q.v.). On boiling with aniline yields ethyl ale. and 
carbanilide M.P. 238®. On heating with PjOj yields 
phenyl isocyanate B.P. 166°. 

52® Methyl Carbamate NHg-COOCH, 

B.P. 177°. Readily sol. in cold water, ale. and ether. 
On boiling with HCl yields CO„ methyl ale. 
B.P. 65® and NH4CI. With cold ale. KOH yields 
cryst. KOCN. On boiling with aniline yields NH,, 
methyl ale. and carbanilide M.P. 238®. 

54** «-Bufyl Carbamate NH,*COOC4H, 

Slightly sol. in cold water, readily in ale. and ether. 
On boiling with dil. HCl yields «-butyl ale. B.P. 117® 
and NH4CI. On boiling with anilme yields NH,, 
butyl ale. and carbanilide M.P. 238®. Yields KOCN 
very slowly with cold ale. KOH. 

60® «-Propyl Carbamate NH,*COOC,H, 

B.P. 195®. Sol. in cold water, ale., and ether. On 
boiling with dil. HCl yields «-propyl ale. B.P. 97® and 
NH4CI, On boiling with aniline yields NH,, propyl 
ale. and carbanilide M.P. 238®. Yields KOCN slowly 
with cold ale. KOH. 

60® jsoAmyl Carbamate NHj-COOCjHh 

B.P. 220®. Sparingly sol. in cold water, readily in 
ale. and ether. On boiling with dil. HCl yields iso- 
amyl ale. B.P. 131® and NH4CI. On heating with 
aniline yields NH„ isoamyl ale., and carbanilide M.P. 
238®. Yields KOCN very slowly with cold ale. KOH. 

66® Ethyl Oxanilate C,H,-NH CO COOC,H, 

^ 1 . in hot water. On boiling with dil. HCl yields 
oxalic acid {q.v.), ethyl ale. B.P. 78® and aniline HCl 
(q.v ). On heating with aniline yields ethyl ale. and 
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oxanilide M.P. 245®. On boiling with ale. KOH 
rapidly yields K oxanilate (see oxanilic acid M.P. 
149°) which on continued boiling slowly breaks down 
into aniline and K oxalate. 

114® Ethyl Oxamate (Oxamethane) NHj-CO-COOCjH, 

Sol. in hot water, forming acid soln. On boiling with 
dil. HCl yields oxalic acid [q.v,), ethyl ale. B.P. 78® 
and NH4CI. On heating with aniline yields NH,, 
ethyl ale. and oxanilide M.P. 245®. Yields N, with 
alkaline NaOCl. On heating with P,Oj yields ethyl 
cyanoformate B.P. 115®. 


AMINO ACIDS, ESTERS AND AMIDES 

LIQUID 

B.P. 

255® Methyl Anthranilate M.P. 25®. See Amino Acids, etc. 

267® Ethyl Anthranilate NH,;C4H4-COOC,H, (1:2) 

M.P. 13®. On boiling with dil. acids or alkalies yields 
ethyl dc. B.P. 78® and anthranilic acid M.P. 144®. 
Hydrochloride M.P. 170®. Acetyl deriv. M.P. 61®. 
Benzoyl deriv. M.P, 98®. Benzenesulphonyl deriv. 
M.P. 92®. Forms compound with 5-trinitrobenzene 
M.P. 71®. 

294® Ethyl w-Aminobenzoate NH,-C4H4-COOC|Hj (1:3) 
On boiling with dil. acids or allmlies yields ethyl ale. 
B.P. 78® and w-aminobenzoic acid M.P. 174®. Hydro- 
chloride M.P. 185®. Benzoyl deriv. M.P. 1 14®. Forms 
compound with 5-trinitrobenzene M.P. 84®. 

SOLID 

25® Methyl Anthranilate NHj’C4H4-COOCH, (1:2) 

Almost insol. in cold water; soln. in ale. has blue 
fluorescence. On boiling with dil. acids or alkalies 
yields methyl ale. B.P. 65® and anthranilic acid M.P. 
144®. Hydrochloride M.P. 178®. Acetyl deriv. M.P. 
loi®. Benzoyl deriv. M.P. 100®. Benzenesulphopyl 
deriv. M.P. 107®. Forms compound with 5-trmitro- 
benzene M.P. 106®. 

89® ^ Ethyl />-Aminobenzoate NH,-C4H4-COOC,H, (1:4) 
On boiling with dil. acids or allies 3delds ethyl ale. 
B.P. 78® and /?-ammobenzoic acid M.P. 186®. Acetyl 
deriv. M.P. no®. Benzoyl deriv. M.P. 148®. Forms 
compound with 5-trinitrobenzene M.P. 85®. 
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12“^ Phenylglycine C.Hs-NH-CH.-COOH 

Sol in hot water; sparingly sol. in ether, Sol. in 
cold dil. alkalies and mineral acids (but not in acetic 
acid) . On heating Ca salt (sparingly sol. in cold water) 
alone or with Ca formate gives odour of indole. On 
fusion with NaOH in presence of air gives blue colour 
of indigo. Acetyl deriv. M.P. 194°. Benzoyl deriv. 
M.P. 63®. Addition product wilii phenyl isocyanate 
M.P. 195°. Nitrosoamine M.P. I05°d. 

144® Anthranilic Acid NHj*C«H4*COOH (1:2) 

Sol. in water and in ale., with blue fluorescence. 
On heating yields aniline B.P. 183®. On gently heat- 
ing with CaClj, product gives red soln. indc. develop- 
ing violet fluorescence on standing; fusion with 
ZnCl, gives yellow product forming yellow soln in 
ale. With bromine water yields dibromo deriv. M.P. 
227®. Hydrochloride M.P. 193®. Acetyl deriv. M.P. ^ 
185®. Benzoyl deriv. M.P. 181®. Benzenesulphonyl’ 
deriv. M.P. 214®. Benzal deriv. M.P. 128®. Phenacyl 
deriv. M.P. 190®. Azo-j?-naphthoI deriv. M.P. 276®. 
Methyl ester M.P. 25®, B.P. ,255°. /)-Nitroben^l 
ester M.P. 205®d. Phenacyl ester M.P. 181®. Amide 
M.P. 108®. Anilide M.P. 126°. Forms compound 
with s-trinitrobenzene M.P. 192°. 

148® Oxanilic Acid CeH^-NH-CO COOH 

Sol. in hot water; very sol. in ale. and in ether, 
sparingly in benzene. Soln. in cone. HjS04 is 
coloured blue-violet by trace of KfiTfi,. On boiling 
with acids or alkalies yields anihne B.P. 183® and 
oxalic acid (q.v.). On boiling with aniline yields 
oxanihde M.P, 245®. Na and NH4 salts are sparingly 
sol. in cold water. Aniline salt M.P. 140-160®. 
/J-Naphthylamine salt M.P. 151®. Pyridine salt M.P. 
132®. Quinoline salt M.P. 122®. 

174® w-Aminobenzoic Acid NHg*C4H4-COOH (1:3) 

Sol. in hot water and in ale. On gently heating with 
CaClj, product gives red soln in aJc. Without fluores- 
cence ; fusion with ZnClj yields violet product giving 
brown soln. in ale. Acetyl deriv. M.P. 250®. !&nzal 
deriv. M.P. 119°. Phenacyl deriv. M.P. 202®. Methyl 
ester M.P. 37°. /)-Nitrobenzyl ester M.P. 201®. 

Amide M.P. 75®. Anilide M.P. 129®. Fonhs a 
compound with s-trinitrobenzene M.P. 118®. 

186® />-Aminobenzoic Acid NH,-C,H4‘COOH (1:4) 

Sol. in hot water and in ale. Fusion with CaQ, and 
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U.T. 

with ZnCi|: same as with m-aminobenzoic acid. 
Acetyl deriv. M.P. 252®. Benzoyl deriv. M.P. 278®. 
Benzenesulphonyl deriv. M.P. 212®. Benzal deriv. 
M.P. 193®. Phenacyl deriv. M.P. 21 1®. Methyl ester 
M.P. 1 12®. />-Nitrobenzyl ester M.P. 248”. Amide 
M.P. 183®. Forms a compound with s-trinitrobenzene 
M.P. 151®. 

187® HippuricAcid C,H,CO-NHCH,-COOH 

Sol. in hot water and in ale. ; insol. in benzene and 
in ligroin. On boiling with HCl yields benzoic acid M.P. 
12 1® and glycine HCl {q.v.). Methyl ester M.P. 80°. 
Ethyl ester M.P. 60®. />-Nitrobenzyl ester M.P. 136®. 
^-Bromophenacyl ester M.P. 15 1®. With cone. 
HNO, + HjSOi yields w-nitro deriv. M.P. 162®. 

198® ^-Glutamic Acid COOH-CH,*CH,'CH(NH,)»COOH 
Sol. in 100 parts of water at 16®; insol. in ale. 
[a]j) « -f 12® in water, -f 30® in HCl, ~-4®inBa(OH)|. 
Hydrochloride M.P. 203® is almost insol in cold cone. 
HCl. On heating at 150-160® yields levorotatoiy 
pyrrolidonecarboxylic acid M.P. 160®. Hydantoic 
acid M.P. 150® is sol. in 150 parts of water and in 
80 parts of ale. at 20®. a-Naphthylhydantoic acid 
M.P. 236®. 

2io®d. Sarcosine CH,NHCH,-COOH 

Sol. in water, insol. in ale. On heating pelds anhy- 
dride M.P. 149®, B.P. 350®, and some dimethylamine 
(q,v.). Hydrochloride M.P. 169®. Hydrobromide 
M.P. 186®. Nitrate M.P. 70®d. Phenylhydantoic 
acid M.P. 102®. Ethyl ester B.P. ,43®/io mm; forms 
a picrate M.P. 149®. 

226® /-Asparagine COOH-CH(NH,)*CH,-CONH, + H ,0 
Loses water of crystallisation above 100®. Sol. in 
56 parts of water at 10®. [oJd « — 5*4®. On boiling 
witt dil. alkali yields NH, and /-aspartic acid {q.v.). 
Gives blue colour with dil. NaOH + trace of CUSO4. 
Cu salt is almost insol. in cold water. Picrate d.i8o®. 
a-Naphthylhydantoic acid M.P. 199®. 

232®d. Glycine (GlycocoU) NH,-CH,-COOH 

Sol. in 4 parts of cold water ; insol. in ale. Gives 
blue colour with trace of CUSO4; red colour with 
FeClf Cu salt is sol. in 174 p^ of cold water. 
Hydrochloride is hygroscopic. Nitrate M.P. I45®d. 
Picrate M.P. 190® is sparingly sol. in cold water. On 
boiling with ale. -|- HCl. gas. yields ethyl ester HQ 



226 AMINO ACIDS, ESTERS AND AMIDES 

M.I*. 

M.P. 144°. On wanning with acetic anhydride yields 
acetyl deriv. M.P. 206®. Benzoyl deriv. M.P. 187®. 
Benzenesulphonyl deriv. M.P. 165®. Hydantoic acid 
M.P. 163® is sol. in 32 parts of water and in 200, 
parts of ale. at 20®. o-Naphthylhydantoic acid M.P. 
191®. 

248® ^-Hydroxyphenylglycine HO-C,H4-NH*CH,-COOH (1:4) 
Sparingly sol. in cold water and in ale. ; insol. in 
' ether. Sol. in dil. alkahes and mineral acids (not in 
acetic acid). Gives no colour with FeClj in cold; 
odour of quinone on warming. With AgNO, soln 
gives black ppte. in cold; soln. becomes purple on 
heating. Acetyl deriv. is very sol. in cold water. 

270® ^Aspartic Acid CGOH CH4-CH(NH4)-COOH 

Sol. in 250 parts of water at 10® ; insol. in ale. [a]© 
= + 6® in water, + 25® in HCl, —i® in NaOH. 
Benzoyl deriv. M.P. i8o®. Hydantoic acid M.P. 162® 
is sol. in 270 parts of water and in i,ooo parts of ale. 
at 20®. 

273® dl-Phenylalanine C4Hj*eH,-CH{NH0-COOH 

Sparingly sol. in cold water ; insol. in ale. On heating 
alone yields phenyl-lactimide M.P. 290® and some 
^-phenylethylamine B.P. 197®. On oxidation yields 
benzoic acid M.P. 121®. Benzoyl deriv. M.P. 187®. 
Hydantoic acid M.P. 190®. Phenylhydantoic acid 
M.P. i82®d. 

subl. 

280® a-Aminot5obutyric Acid (CH,),C(NHj)*COOH 

Readily sol. in cold water; almost insol. in ale. 
On oxidation by (i mol.) NaOCl yields acetone B’P. 
56®. Benzoyl deriv. M.P. 198®. Hydantoic acid 
M,P. 162® is sol. in 100 parts of water at 20® and 
readily in ale. a-Naphthylhydantoic acid M.P. 198®. 

283® 5-Aminosalicylic Acid COOH-C,H,(OH)-NH, (1:2:5) 

Sparingly sol. in cold water ; insol. in ale. Sulphate 
M.P. 334®. With FeClj gives red colour changing to 
brown ppte. Acetyl deriv. M.P. 197°. On long 
warming at 100® with benzyl chloride + Na acetate 
yields dibenzyl deriv. M.P. 168®. p-Nitrobenzyl ester 
M.P. 245®d. Azo-^-naphthol deriv. M.P. 201®. 

294®d. /-Leucine (CH,),CH-CH,€H(NH,)-COOH 

Sol, in 4‘5 parts of water at 20®. [a]© = — 10® in 
water, + 16® in HCl. On heating yields woamyl- 
amine B.P 95®. On oxidation by KMnO* yields iso* 
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valeric acid B.P, 176®. Cu salt is almost insol. in 
cold water. Benzoyl deriv. M.P. 118®. Hydantoic 
acid M.P. 189®. is sol. in 1700 parts of water and in 
250 j)arts of ale. at 20®. a-Naphthylhydantoic acid 
M.P. 163®. 

295®d. d/-Alanine CH,-CH(NH,)'COOH 

Sol. in 4*6 parts of water at 17® ; insol. in ale. With- 
cone. HjSOi yields CO above 180®. On warming in 
water with PbO, yields acetaldehyde B.P. 21® and 
NH 8. Cu salt is fairly sol. in water. On boiling with 
ale. + HCl gas yields ester hydrochloride (methyl 
M.P. 157®, ethyl M.P. 64-68®). Picrate.is rea^y sol. 
in water. Benzoyl deriv. M.P. 165®. Benzenesul- 
phonyl deriv. M.P. 126®. ^-Naphthalenesulphonyl 
deriv. M.P. 152®. Hydantoic acid M.P. 157® is sol. 
in 46 parts of water and in 100 parts of ale. at 20°. 
Phenylhydantoic acid M.P. i9o®d, a-Naphthyl- 
hydantoic acid M.P. 198®. 

298®d. d/-Valine (CH,)8CH*CH(NH,)-COOH 

Sol. in 1 1 7 parts of water at 15® and in 14*1 parts 
at 25®. On heating alone yields anhydride M.P. 
304®. Oxidised by (i mol.) NaOCl to tsobutyralde- 
hyde B.P. 63®. Hydrochloride M.P. 189®. Cu salt 
is sparingly sol. in water. Benzoyl deriv. M.P. 132®. 
Hydantoic acid M.P. 176® is sol. in 213 parts of water 
at 20® and readily in ale. a-Naphthylhydantoic acid 
M.P. 204®. 

307®d. d/-a-Amino-«-butyric Acid CH,-CH8-CH(NH|)*COOH 
Sol. in 3 '5 parts of cold water ; almost insol. in ale, 
Cu salt is sparingly sol. in cold water. Benzoyl deriv. 
M.P. 143°. Benzenesulphonyl deriv. M.P. 148®. 
Hydantoic acid M.P. 177®. Phenylhydantoic acid 
M.P. I70®d. a-Naphthylhydantoic acid M.P. 194®. 

310® ./-Tyrosine HO*C,H4-CH8CH{NH8)-COOH (1:4) 

Sol. in about 2,500 parts of cold and about 154 parts 
of hot water. Cu salt is almost insol. in cold water. 
On warming with cone. HNOa yields dinitro deriv. 
(yellow leaflets insol. in cold water) . Gives red colour 
with dil. soln. of acetaldehyde in cone. H,S04. On 
fusion with NaOH yields />-hydroxybenzoic acid 
M.P. 213®. Dibenzoyl deriv, M.P. 211®. Hydantoic 
add M.P. 2i8®d. is sol. in 36 parts of water at 20® 
and readily sol. in ale. a-Naphthylhydantoic acid 
M.P. 205®. 
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PURINES 

SOLID 

CH,-N - CO 

-.p. I I /H, 

2^4° Caffeine (i:3:7-Trimethylxantliine) COC- N/ 

I II \CH 

CH,-N-O.N/ 

Readily sol. in water or CHCl*, fairly sol. in ale. or 
benzene, sparingly in ether or CCI4. Can be sub- 
limed unchanged. Decomposed on boiling with 
aqueous KOH. On boiling with alcoholic KOH yields 
CO„ NH„ CH,NH„ HCOOH, and sarcosine M.P. 
2io®d. Unchanged on boiling with cone. HCl. 
Yields Prussian Blue on warming with K4Fe(CN), 
and HNO,. Boil o*i g. with 2 c.c. water and i c.c. 
cone. HCl, add 10 c.c. saturated bromine water, 
boil until colourless, dilute with water to the original 
volume : on adding to 2 c.c. of this soln. i drop of 
5% FeS04 and 2 or 3 drops of NH4OH, blue colour 
results. Gives ppte. M.P. 215® wili iodine in KI. 

264® Theophylline (i:3-Dimethykanthine) C7H8O1N4 

Readily sol. in warm water, sparingly in cold ale. 
On warming in CHjOH with KOH and CHal jdelds 
caffeine M.P. 234°. Gives blue colour with HCl + 
Brj, then FeS04 + NH40H, etc., like caffeine. 

Subl. 

290® Theobromine (3:7-Dimethylxanthine) C7H80aN4 

M.P. 329® (in closed tube). Almost insol. in cold 
water, ale., ether, CHGl,, CCI4, or ligroin. Slightly 
sol. in hot water. Unchanged on boiling with aqueous 
KOH, On warming in CH3OH with KOH and CH,I 
yields caffeine M.P. 234°. Gives blue colour with 
HCl + Br„ then FeS04 + NH4OH, etc., like caffeine. 
Yields cryst. ppte with AgNO, in dil. HNO,. 

NHCO 

CO d -NHv 

d. Uric Acid | || }CO 

NH-ONH/ 

On heating alone yields NH„ HCN, and other pro- 
ducts. Sol. in 10,000-15,000 parte of water at 20®, 
in about 1,900 at 100®. Insol. in ale. Sol. in Na 
acetate soln. and in glycerol. Sol. without decomp, 
in cone. H1SO4. On oxidation by 7% HNO, at 
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60-70° yields alloxan (q.v.). Reduces acid KMnOi 
in cold and Fehling’s soln. on long boiling. Reduces 
ammon. AgNO,. With CUSO4. -|- NaHSO, gives 
white ppte. of cuprous urate. 

ALDOXIMES 

SOLID 

33° a-Benzaldoxime C,Hj-CH:NOH (Anii*) 

B.P. i23°/i4 mm. Sparingly sol. in water, readily 
in benzene and in dil. NaOH. On boiling with dil. 
HCl yields benzaldehyde B.P. 179" and NH,OH-HCl. 
With HCl gas in well-cooled ether yields hydrochloride 
M.P. 103°; in warm ether yields ^-hydrochloride 
M.P. 66°. Forms cryst. compound (sol. in water, 
insol. in ale.) with NaHSO,, With cone. ale. NaQCjH, 
yields ppte. of Na deriv. Gives no colour with 
either FeCl, or Cu acetate in ale. With acetic 
anhydride in cold yields acetyl deriv. M.P. 14°; 
on boiling yields benzonitrile B.P. 190°. With PCI, 
yields benzonitrile. 

47° a-Acetaldoxime CH,’CH:NOH Anti') 

B.P. 114°. Sol. in water, ale., and ether. On boiling 
with dO. HCl yields acetaldehyde B.P. 21° and 
NH ,OH‘HCl. With acetic anhydride or acetyl chloride 
in cold yields acetonitrile B.P. 81°. 

128° j?-Benzaldoxime C,H5‘CH:NOH (‘ 5 y»’) 

Sparingly sol. in cold water and in cold benzene; 
sol. in dil. NaOH. On boiling with dil. HCl yields 
benzaldehyde B.P. 179° and NH,OH-HCl; with HCl 
gas in ether yields hydrochloride M.P. 66°. Gives no 
ppte with cone. ale. C,H,ONa. Gives red colour with 
FeCl, in ale. ; green with Cu acetate. With acetic an- 
hydride in cold yields acetyl deriv. M.P. 55°. With 
ifcl, yields benzonitrile B.P. 190°. 

KETOXIMES 

SOLID 

59° Acetoxime (CH,),C:NOH 

B.P. 135°. Re^ily sol. in water, ale., and ether. 
On boiling with dil. HCl yields acetone B,P. 56° and 
NH, 0 H*HC 1 . With HCl gas in dry ether yields hy- 
drochloride M.P. 98-101°. Forms cryst. compound 
with NaHSO,. With methyl sulphate + dil. NaOH 
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lf.F. 

yields methyl deriv. B.P. 72°. With cone. H^Oj 
in acetic acid yields methylamine sulphate [q,v,), 

59° Acetophenoneoxime C4H5-C(:NOH)-CH, 

Volatile with steam. Sparingly sol. in cold water; 
readily in dil. NaOH and in organic liquids. On 
adding formaldehyde to cold soln. in cone. HCl yields 
acetophenone M.P. 20°, B.P. 202°. On warming to 
100° with cone. HjSO*, or with HCl gas in acetic acid, 
yields acetanilide M.P. 114°. With acetic anhydride 
at 100° yields acetyl deriv. M.P. 55°. With methyl 
sulphate + dil. NaOH yields methyl deriv. B.P. 
215°. 

1 18® <f-Camphoroxime CioHi,:NOH 

B.P. 250M. Insol. in water ; sol. in dil. acids and 
alkalies, and in ale. Optically active : [a]D = — 42° 
in ale. Stable towards boiling dil. HCl. With 
HCl gas in dry ether yields hydrochloride M.P. 
162®. With SOCl, or acetyl chloride in cold yields 
campholenonitrile B.P. 226°, which with ale. KOH 
yields campholenamide M.P. 130°. On warming with 
cone. HCl + formaldehyde yields camphor M.P. 175®. 
With acetic anhydride in cold yields liquid acelyl 
deriv. ; on heating 3delds campholenonitrile. With 
methyl sulphate + dil. NaOH yields methyl deriv. 
B.P. 209". With AgNOs in dil. HNO, yields an 
addition compound M.P. 157® (insol. in water ; sol. 
in ale., ether and benzene). 

i26®d Quinonemonoxime. See^-Nitrosophenol. 

143® Benzophenoneoxime (CeHj) jC;NOH 

Insol. in cold water ; readily sol. in ether, less so in 
benzene. Sol. in cone. HCl, ppted. on dilution; sol. in 
dil. NaOH. With HCl gas in dry ether yields unstable 
hydrochloride. On adding formaldehyde to soln. in 
cone. HCl yields benzophenone M.P. 48®. With cone. 
H,S04 at 100® yields benzanilide M.P. 161®. On 
warming with acetyl chloride yields acetyl deriv. M.P. 
102®. 

237®d. a-Benzddioxime C^HjqiNOHl-qiNOHj-C.H* 

Insol. in water, almost insol. in adc., ether, and acetic 
acid ; sol. in dil. NaOH and is pptd. by CO, or NH4CI. 
Gives yellow ppte. in NH4OH with AgNO,. Forms 
red insol. ppte. with Ni ^ts. With cone. HCl at 
100® yields benzil M.P. 95® and NH,OH*HCl. On 
boiling with acetic anhydride yields diacetate M.P, 
147 ^ 
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MJP. 

245® Dimethylglyoxime piacetyldioxime) 

'CH,-C(:NOH)-C(:NOH)*CH, 
Insol. in water ; sol, in ale. and in ether ; sol. in dil. 
NaOH and is ppted by CO, or NH4CI. On boiling 
with 25% HjSOi yields diacetyl B.P. 88® (yellow 
liquid, sol. in 4 parts of cold water) and NH,OH 
sulphate. Forms bright red ppte. in ale. with Ni 
salts. On warming with acetic anhydride yields 
diacetyl deriv. M.P. 115®. 

SIMPLE NITRILES 

LIQUID 

81® Acetonitrile CH,‘CN 

D. 0-804 (0®). Miscible with water; separates on 
adding CaCl,. On boiling wth dil. acids or alkalies 
yields acetic acid B.P. 118® and NH,. With (i mol.) 
ale. + HCl gas yields acetiminoethyl ether HCl M.P. 
98®d. (free base B.P. 92-95®). With Zn + dU. HCl 
yields ethylamine HCl (q.v.), 

98® Propionitrile CjHj-CN 

D. 0-802 (o®). Readily sol. in water ; separates on 
addmg CaCl,. On boiling with dil. acids or alkalies 
yields propionic acid B.P. 140® and NH,. With 
(i mol.) ^c. + HCl gas yields propioniminoethyl 
ether HCl M.P. 92®d. On filing with ale. + HjSO, 
yields ethyl propionate B.P. 98®. 

117® w-Butyronitrile CH,-CH,-CH,-CN 

D. 0-796 (15®). Sol. in water. On boiling with dil. 
acids or alkalies yields «-butyric acid B.P. 163® and 
NH,. On boiling with ale. + H,S04 yields ethyl 
w-butyrate B.P. 120®. 

140® «-Valeronitrile CH,-CH,CH,«CH,-CN 

D. 0-801 (18®). Slightly sol. in water. On boiling 
with dil. acids or alkalies 3delds w-valeric acid B.P, 
186® and NH,. On boiling with ale. + HjSO, yields 
ethyl w-valerate B.P. 144®. 

190® Benzonitrile C,H,-CN 

D. I -000 (25®). Insol. in water. Odour resembles 
that of nitrobenzene. With cone. HiSO, at 100®, 
or on shaking with dil. NaOH + H, 0 , in cold, yields 
benzamide M.P. 128®, On boiling with 75% HjSO, 
yields benzoic acid M.P. 121®. On boiling with 
CH,OH + cone. HgSO, yields methyl benzoate B.P. 
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198®. With cone. HNO, + HjSOi yields m-nitro 
deriv. M.P. 1 1 7®. 

204® o-Tolunitrile CH,*C«H4*CN (1:2) 

D. 1-006 (4®). Insol. in water. With cone. Hj^O* 
at 100®, or on shaking with dil. NaOH + in 
cold, yields o-toluamide M.P. 142®. On boiling with 
75% HjSOi yields o-toluic acid M.P. 102®. On boil- 
ing with CHjOH + H2SO4 yields methyl o-tolnate 
B.P. 207®. With cone. HNO, + H,S04 yields nitro 
deriv. M.P. 105®. 

231® Phenylacetonitrile (Benzyl Cyanide) CjHj-CHj-CN 

0.1-017 (17®). Insol. in water. With cone. HjSOi 
at 100® yields phenylacetamide M.P. 154® ; on boiling 
with 75% HjS 04 yields phenylacetic acid M.P. 76®. 
On boiling with CH,OH + HjSOi yields methyl 
phenylacetate B.P. ,220®. With cone. HNO , + H |SO 4 
yields ^-nitro deriv. M.P. 116®. 

SOLID 

29® ^-Tolunitrile CH3-C4H4-CN (1:4) 

B.P. 217®. With cone. H8SO4 at 100®, or on shaking 
with dil. NaOH + HjOj in cold, yields ^-toluamide 
M.P. 158®, On boiling with 75% HjSO* yields 
/>-toluic acid M.P. 177®. On boiling with CH^OH + 
HjS 04 yields methyl ^toluate M.P. 32®, B.P. 217®. 
With cone. HNO, -f HjSO, yields nitro deriv. M.P. 
107®. 

33® a-Naphthonitrile Ci^H^-CN (i) 

B.P. 297®. On heating with 75% H,S04 rapidly 
yields a-naphthoamide M.P. 202®, which on prolonged 
boiling is converted into a-naphliioic acid M.P. 160®. 

66® j?-NaphthonitriIe CioH,-CN (2) 

B.P. 305®. On heating with 75% H, SO, rapidly 
yields jj-naphthoamide M.P. 192®, which on prolonged 
boiling is converted into / 5 -naph^oic acid M.P. 182®. 

SUBSTITUTED NITRILES 

LIQUID 

B.P. 

d. Acetone Cyanohydrin (CH,),C(OH)*CN 

B.P. 82V23 mm. D. 0-932 (19°). Miscible with 

water, ale., and ether; insol. in light petroleum.. 
With cone. HCl )delds a-hydroxyisobutyric add 
M.P. 78® and NH^Cl. With KOH yields acetone 
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B.P. 

B.P. 56® and KCN. On evaporating aqueous soln. 
yields HCN and diacetone cyanohydrin M.P. 162°. 
With acetyl chloride yields- acetyl deriv. B.P. 181®. 
On wanhing with NHj in ale. yields a-aminowo- 
^butyronitrile B.P. 49^/12 mm. (hydrochloride M.P. 
145®) which on hydrolysis yields a-amino«sobutyric 
acid (q.v.). 

i83°d. Acetaldehyde Cyanohydrin CH4-CH(OH)‘CN 

B.P. 9o®/i7 mm. D. 0-984 (25®). Miscible with 
water, ale., and ether ; insol. in light petroleum and 
carbon disulphide. With cone. HCl yields lactic acid 
(q.v.) and NH4CI. With KOH yields acetaldehyde 
resin and KCN. With acetyl chloride at 0® yields 
acetyl deriv. B.P. 172®. With NH, in ale. yields 
unstable aminopropionitrile (hydrochloride M.P. 115®, 
picrate M.P. 141®!) which on boiling with Ba(OH), 
or with HCl yields d/-alanine {q.v.) and NH,. 

207® Ethyl Cyanoacetate CN-CHj-COOCjHj 

D. I'063 (20®). Insol. in water; sol. in dil. NaOH 
and NH4OH; latter soln. on evaporation yields 
cyanoacetamide M.P. 118®. On boiling with ale. + 
HjS 04 yields ethyl malonate B.P. 198®. With 
C^jONa in abs. ale. yields Na deriv., which with 
benzyl chloride yields ethyl benzylcyanoacetate B.P. 
i76®/2omm. ; this on hydrol)rsis 3deldsbenzylmalonic 
acid M.P. ii7®d., which on Wring yields hydrocin- 
namic acid M.P. 48®. 

SOLID 

M.P. 

21® Benzaldehyde Cyanohydrin C,H5CH(OH)‘CN 

Usually an oil; D. 1*124. On heating to 170® de- 
composes into benzaldehyde B.P. 179® and HCN. 
Insol. in water ; sol. in ale. and ether. Forms red 
soln in epne. H,S04. On warming with HCl yields 
f^/-mandeiic acid M.P. 118®. Acetyl deriv. B.P. 
138®/! I mm. Benzoyl deriv. M.P. 62®. Carbanilate 
M.P. 105®. 

69® Cyanoacetic Acid CN-CH,*COOH 

Very sol. in water. On heating to 165® yields aceto- 
nitrile B.P. 81® and CO,. On boiling with NaOH 
yields NH, and Na malonate {q.v.). On warming with 
cone. HCl yields NHjCl and malonic acid M.P. 133®, 
which on prolonged boiling breaks down into acetic 
acid B.P. 118® and CO,. Oji boiling with ale. + 
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HjSO* yields ethyl malonate B.P. 198°. On warming 
with benzaldehyde yields a-cyanocinnamic acid M.P. 
180®. 

/SOCYANATES 

LIQUID 

166° Phenyl woCyanate (Carbanil) C,H5*N:C:0 

D. 1-092 (15°). Sharp odour. Insol. in water; on 
standing with water or with aniline yields carbanilide 
M.P. 238°. With ale. yields ethyl carbanilate M.P. 
52®. With NH, yields phenylurea M.P. 147®. 
With phenol yields phenyl carbanilate M.P. 126®. 
On boiling with HCl yields aniline HCl [q^v). 

269® a-Naphthyl woCyanate CioHy-NiCiO 

D. I '177 (16®). Insol. in water; on standing with 
water yields (h-a-naphthylurea M.P. 314®. With ale. 
yields ethyl a-naphthylcarba-mate M.P. 79®. With 
NH3 yields a-naphthylurea M.P. 213®. With aniline 
yields phenyl-a-naphthylurea M.P. 222®. With phenol 
yields phenyl a-naphthylcarbamate M.P. 136®. On 
boiling with HCl yields a-naphthylamine HCl (q.v.). 

HYDRAZINE DERIVATIVES 

LIQUID 

227® Methylphenylhydrazine C,H5-N(CH,)*NH, 

D. 1-023 (26°). Almost insol. in water. Reduces 
Fehling’s soln. on warming, yielding Nj and methyl- 
aniline B.P. 193®. On boiling with Zn + HCl yields 
methylaniline HCl and NH4CI. Soln. in dil. acids, on 
treatment with NaNO„ yields methylphenylnitroso- 
amine (yellow) M.P. 12®, B.P. I2i®/i3 mm. Soln, 
in HCl gives green colour with formaldehyde. On 
adding acetic acid to cold soln. in dil. acetic acid 
yields acetyl deriv. M.P. 92®. Benzoyl deriv. M.P. 
153®. Benzal deriv. M.P. 106®. 

SOLID 

19® Phenylhydrazine 

B.P. 243®. D. 1*097 (22°). Slightly sol. in water. 
Hydrochloride M.P. 240®. Reduces Fehling’s soln. in 
cold, yielding benzene B.P. 80® and N*. On warming 
soln in HCl with CUSO4 yields chlorobenzene B.P. 132®. 
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«.P. 

With excess of iodine yields iodobenzene B.P. 188®. 
On heating with acetamide, or on treating cold soln. 
in dil. acetic acid with acetic anhydride, yields acetyl 
deriv. M.P. 128®. Benzoyl deriv. M.P. 168®. Benzal 
deriv. M.P. 156®. 

34® Diphenylhydrazine (C,Hj),N-NH, 

Insol. in water ; readily sol. in ale. Forms blue soln. 
in cone. HjSO*. Hydrochloride M.P. 167®. Reduces 
ammon. AgNOj. With Sn -j- HCl yields diphenyl- 
amine M.P. 54®. Acetyl deriv. M.P. 184®. Benzoyl 
deriv. M.P. 192®. Benzal deriv. M.P. 122®. 

65® ^-Tolylhydrazine . CH,-C,H*-NH-NH, {1:4) 

B.P. 240-244®d. R^uces Fehling's soln. in cold, 
yielding toluene B.P. no® and N,. With excess 
iodine yields />-iodotoluene M.P. 35®, B.P. 21 1®. 
Acetyl deriv. M.P. 121®. Benzoyl deriv. M.P. 146®. 
Benzal deriv. M.P. 125®. 

96® Semicarbazide NH,-CO-NH-NH, 

Very sol. in water and ale. ; insol. in ether, benzene, 
and CHCl,. Neutral to litmui Hydrochloride M.P. 
I73®d. Acid sulphate M.P. 144®. Nitrate M.P. 123®. 
On boiling with cone. HCl )delds NH4CI and hydrazine 
HGl. Reduces Fehling’s soln. and ammon. AgNO,. 
With acetone forms wopropenyl deriv. M.P. 187®. 
Benzal deriv. M.P. 214®. 

1 13® Antipyrine CH,-N N-C,H, 

CH,C:CH-Jo 

Readily sol. in cold water and ale. ; sparingly in 
ether. Fairly strong base» Unsaturated ; with 
bromine in CHCl, forms a dibromide (ppted. by ether) 
M.P. about 150®, which with cold water yields bromo- 
antipyrine M.P. 117®. On adding NaNO, to soln. in 
dil. HCl yields nitroso deriv. (green crysts.) M.P. 
2oo®d. Gives orange colour with FeCla. On boiling 
with KOH yields s-methylphenylhydrazine B.P. 230®. 
On nitration yields />-nitro deriv. M.P. 273®. 

127® i-Phenyl-3-methyl-5-pyrazolone NH--N-C,H, 

CH,-(!;ChIx) 

Insol. in cold water, ether, and light petroleum ; sol. 
in hot water, cold dil. adds or alkalies, ale., and 
benzene. Gives red colour on boiling with acetone. 
On boiling wth FeCl, in water gives purple ppte. of 
pyrazole blue. (Hves red cdour with FeQ| in ale. 



HYDRAZONES 


236 

UJf. 

Acetyl deriv. B.P. 2oo°/io mm. Benzoyl deriv. 
M.P. 75°. Benzal deriv. M.P. 107®. With (2 mols.) 
bromine in hot acetic acid yields ^bromo deriv. M.P. 
80®. Witii N, Of yields tsonitroso deriv. M.P. 157®. 

128® Acetyl Phenylhydrazine C,H5-NH-NH*CO-CH, 

& 1 . in hot water. On boiling with cone. HCl yields 
phenylhydrazine HCl {q,v.) and acetic acid B.P. 118®'. 
Reduces Fehling’s soln. With (2 mols.) bromine in 
cone. HCl yiel(k dibromo deriv. M.P. 146°. 

131® Hydrazobenzene C^H^-NH-NH-C^Hj 

Insol. in water; sol. in ale. and ether. Slowly 
oxidised by air (rapidly in alk. ale. soln.) to orange 
azobenzene M.P. 68®. Weak base. Converted by 
hot cone. HCl to benzidine HCl (7.V.). Diacetyl 
deriv. M.P. 105®. Dibenzoyl deriv. M.P. 138®. 

168® Benzoyl Phenylhydrazine C,H5*NH*NH-CO C.H5 

Shghtly sol. in hot water and ether ; readily sol. in 
warm dil. KOH. On oxidation by HgO or N, 0 , 
yields red benzoylazobenzene M.P. 80®. On boiling 
with cone. HCl yields phenyihydrazine HCl (ft;.) 
and benzoic acid M.P. 121®. 

HYDRAZONES 

11.P. 

42® Acetonephenylhydrazone (CH,),C:N‘NH*C,Hj 

B.P. i65®/9i mm. Slightly sol. in water; forms a 
hydrate M.P. 15®. With dry HCl in ether yields 
hydrochloride M.P. 142®. On boiling with cone. 
HCl yields acetone B.P. 56® and phenylhydrazine 
HCl Iq.v.). On warming with hydroxyiamine HCl 
yields acetoxime M.P. 59®, B.P. 135® and phenyl- 
hydrazine HCl. On heating with ZnClj yields a- 
methylindole M.P. 59®, B.P. 268®. 

93 ® Benzalazine C*H,-CH:N-N:CH€,H5 

Yellow. On heating alone yields stilbene M.P. 125®, 
,B.P. 306® and N,. With dry HCl in ether 
yields hydrochloride M.P. 150®. On boiling with 
cone. HCl yields benzaldehyde B.P. 179® and 
hydrazine HCl. On reduction with Zn + acetic acid 
yields dibenzylamine B.P. 315® and NH,. With 
bromine in CCI4 yields an unstable tetrabromide M.P. 
134®. Forms an addition product with methyl sul- 
phate, which with water yields benzaldehyde and 
methylhydrazine B.P. 87®/ 
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M.P. 

105® Acetophenonephenylhydrazone 

CH,-C(C,H,):N*NH-C,H, 
Insol. water ; not very sol. in cold sdc., readily in 
ether. On long boiling with cone. HCl yields aceto- 
phenone M.P. 20®, B.P. 202® and phenylhydrazine 
HCl {q.v.). On warming with hydroxylamine HCl 
yields acetophenoneoxime M.P. 59® and phenyl- 
hydrazine HCl. 

137® Benzophenonephenylhydrazone (C,H5),C:N-NH*C,H| 
Insol. in water ; sUghtly sol. in ale. On long boiling 
with cone. HCl yields benzophenone M.P. 48® and 
phenylhydrazine HCl {q.v.). Unchanged on warming 
with hydroxylamine HCl. 

158® Benzaldehydephenylhydrazone C|Hj-CH:N-NH-C,H, 
Ydlow. On long boiling with cone. HCl yields benz- 
aldehyde B.P. 179® and phenylhydrazine HCl {q.v.). 
On boiling witi acetic anhydride -f- trace cone. 
H,S04 yields labile modification M.P. 136®. Oxidised 
in alk. ale. soln. to benzilosazone M.P, 225®. With 
amyl nitrite yields dibenzaldiphenylhydrotetrazone 
M.P. 180® (forms blue soln. in cone. HjSOJ. 

ALIPHATIC NITRO-HTOROCARBONS 

LIQUID 

B.P. 

loi® Nitromethane CH,-NO, 

D. 1*138 (20®). Sol. in 9 vols of cold water; soln. 
reacts acid to litmus. Miscible with organic liquids. 
On heating with fuming H ,S04 yields CO and hydroxyl- 
amine sulphate. Reduc^ by SnCl, or Na|S,04 to 
methylamine {q.v.). With CjHjONa in ale. yields 
ppte. of Na deriv. (expl. with trace of water). With 
chloral hydrate dil. KjCOj yields trichloronitro- 
fsopropyl ale. M.P. 42®. 

114® Nitroethane C,Hj*NO, 

D. 1*056 (15®). Sol. in 24 vols of cold water, readily 
in dil. NaOH. On adding excess of HCl to alk. soln. 
yields acetaldehyde B.P. 21®. Reduced by Fe + 
acetic acid to ethylamine {q.v.). On standhg with 
benzaldehyde -f- trace of ettylamine yields fi-rntro- 
a-phenylpropylene M.P. 64®. Soln. in dil. NaOH with 
diazobenzene yields benzeneazonitroethane M.P. 141®. 

126® Tetranitromethane C(NO,)4 

M.P. 13®. D. 1*650 (13®). Gives orange colour in 
ale. wi& p3mdine; light yellow with unsaturated 
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B.P. 

hydrocarbons. With C,H,ONa in ale. yields tri- 
nitromethane M.P. 15° (forms yellow soln. in water, 
decolorised by strong acids) and ethyl nitrate B.P. 87®. 

226°d. Phenylnitromethane C,H,*CH,-NO| 

B.P. ii8®/i6 mm. D. i *160 (20°). . Yellow. Insol. 
in water ; sol. in dil. NaOH. With ale. NaOH yields 
Na deriv., which with excess HCl yields phenyl- 
wonitromethane M.P. 84®. Reduced by Sn + HCl to 
benzylamine B.P. 185®. With benzaldehyde + trace 
methylamine in ale. yields o-nitrostilbene M.P. 75®. 

AROMATIC NITRO-HYDROCARBONS 

LIQinD 

B.P. 

210® Nitrobenzene CeHj-NO, 

M.P. 5®. D. 1*197 (25®). Very pale yellow. Odour 
like bitter almond. Almost insol. in water ; miscible 
with organic liquids. Reduced by Sn (or SnCl,) + 
HCl to aniline B.P. 183®. On boiling with dil. Na 
arsenite yields azoxybenzene M.P. 36®. On warm- 
ing with fuming HNO, + HjSOi yields w-dinitro- 
benzene M.P. 90®. On warming with bromine -f 
FeBr, (or FeCls) yields w-bromo deriv. M.P. 54®. 

220® o-Nitrotoluene CH|-C,H4'N0, (1:2) 

D. 1*162 (20®). Very pale yellow. Odour like nitro- 
benzene. Almost insol. in water ; miscible with 
organic liquids. Reduced by Sn + HCl to o-toluidine 
B.P. 197®. Not attacked by boiling KjCr, 0 , -f dil. 
HaS04 ; oxidised by boiling dil. KMn04 to o-nitro- 
benzoic acid M.P. 147®. With (i mol.) cone. HNO, 
+ HjSOa yields 2:4-dinitrotoluene M.P. 70®; on' heat- 
ing with excess fuming HNO* -f H,S04 yields 2:4:6- 
trinitrotoluene M.P. 82®. 

230® #w-Nitrotoluene CH**C4H4*NO, (1:3) 

M.P. 16®. D. I *160 (17®). Very pale yellow. Odour 
like nitrobenzene. Alihost insol. in water ; miscible 
with organic liquids. Reduced by Sn (or SnCl*) + 
HCl to m-tolui(hne B.P. 199®. Readily oxidised by 
boiling KjCr* 0 , -f dil. H,S04 or by KMnO^ soln. to 
m-nitrobenzde add M.P. 140®. On boilhig with 
fuming HNO, + H*S04 yiel^ 2:4:5-trinitrotoluene 
M.P. 104® (insol. in CS,) and ^-trinitrotoluene 
M.P. 112® (sol. in CS,). 

244® 4-Nitro-w-xylene (CH,),C,H,*NO, (1:3:4) 

D. 1*126 (17®). Reduced by Sn -f- HCl to 4-m- 
xylidine B.P. 212®. On boiling with KMn04 soln. 
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yields 4-nitroisophthalic acid M.P. 258®. With 
fuming HNO, in cold yields 4:6‘dinitro-m-xylene 
M.P. 93® ; with warm cone. HNO, + HjSO, yields 
trinitro-w-xylene M.P. 125®. 

264® 2-Nitrocymene (CH,),CH-C,H,(CH,)-NO, (4:1:2) 

D. 1*085 (15°)* R^Suced by Sn + HCl to 2-amino- 
cymeiie B.P. 241® (acetyl deriv. M.P. 115®; benzoyl 
deriv. M.P. 102®). On oxidation .by alk. KMnO, 
soln yields 2-nitro-44iydroxyfsopropylbenzoic acid 
M.P. i68®. On warming with cone. HNO, + HjSO, 
yields 2:6-dinitrocymene M.P. 54®. 

SOLID 

41® Nitromesitylene (CH,),C,H,*NO, (113:5:2) 

B.P. 255®. Reduced by Sn + HCl to mesidine B.P. 
229® (acetyl deriv. M.P. 216® ; benzoyl deriv. M.P. 
204®). With CrO, in acetic acid at 60-70® yields 
^-nitromesitylenic acid M.P. 219-225®. On warming 
with fuming HNO, yields dinitromesitylene M.P. 
86® ; with cold cone. HNO, + HjSO, yields trinitro- 
mesitylene M.P. 235®. 

54® />-Nitrotoluene CHg-CjHi-NO, (1:4) 

B.P. 238°. Very pale yellow. Odour like nitro- 
benzene. Reduced by Sn + HCl to ^-toluidine M.P. 
45®, B.P. 200®. Readily oxidised by KgCrjO^ in 
dil. HjSO, or by KMnO, soln to ^-nitrobenzoic acid 
M.P. 241®. On warming with (i mol.) cone. HNO, + 
HjSO, yields 2:4-dinitrotoluene M.P. 70® ; on heating 
with excess fuming HNO, + HjSO, yields 2:4:6- 
trinitrotoluene M.P. 82®. 

61® a-Nitronaphthalene Ci,H,*NO, (i) 

B.P. 304®. Readily sol. in organic liquids ; forms 
dark red soln in cone. HgSO,. Reduced by Sn -f HCl 
to a-naphthylamine M.P. 50®. Oxidised by CrO, in 
acetic acid to 3-nitrophtlMc acid M.P. 218®. With 
(i moL) cone. HNO, + HgSO, in cold yields 1:5- 
dinitronaphthalene M.P. 214® (spl. in 125 parts of 
cold pyridine) and i:8-dinitronapiithalene M.P. 170® 
(sol. in 10 pa^ of cold pyridine). On warming with 
. excess cone. HNO, 4 - HgSO, yields i:3:8-trinitro- 
naphthalene M.P. 218® (sparingly sol. in organic 
liquids). 

70® 2:4-Dinitrotoluene CH,*CeH,(NO,), (1:2:4) 

Sparingly sol. in cold ale, or ether, readily in benzene 
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Reduced by (3 mols.) SnCl| + HCl in ale. to 2-ammo- 
4-nitrotoluene M.P. 107® ; with excess Sn + HCl 
yields m-toluylenediamine M.P. 99®. Oxidised by 
CrO| in cone. HjSOi or by KMnOi soln. to 2:4-dinitro- 
benzoic acid M.P. 179®. On warming with fuming 
HNO, + HjSOi yields 2:4: 6-trinitrotoluene M.P. 82®. 
With acetone -f KOH gives blue colour, changed to 
violet by acetic acid. With benzaldehyde + a little 
piperidine (or diethylamine) yields dinitrostilbene 
M.P. 139®. Forms addition compound with naph- 
thalene (in benzene) M.P. 60®. 

82° 2:4:6-Trinitrotoluene CH,-C,H,(NO,)i (i:2:4:6) 

Very pale yellow. Slightly sol. in hot water ; readily 
sol. in most organic liquids, sparingly in CS ,. Reduced 
by Sn HCl to unstable triaminotoluene. Oxidised 
by CrO, in cone. HjSOi to trinitrobenzoic acid M.P. 
220°. With benzaldehyde + pyridine 3delds trinitro- 
stilbene M.P. 158®. Forms addition compound with 
naphthalene (in ale.) M.P. 97®. 

90° w-Dinitrobenzene CeH4(N02)2 (1:3) 

B.P. 302®. Very pie yellow. Volatile with steam. 
Slightly sol. in hot water ; sol. in 30 parts of cold ale., 
in 15 parts of cold CHjOH, in 2*5 parts of cold benzene, 
in 3 parts of cold CHCI2. Reduced by NH4SH in 
ale. to w-nitroaniline M.P. 114®; by Sn -f- HCl to 
w-phenylenediamine M.P. 63®. On boiling with alk. 
K,Fe(CN)4 yields 2:4-dinitrophenol M.P. 114®. On 
adding trace of SnCl* (or dextrose) to soln. in boiling 
very dil. NaOH gives violet colour. Forms addition 
compound with naphthalene (in benzene) M.P. 52°. 

93* 4:6-Dinitro-w-xylene (CH,)2C4H2(NO,)j (1:3:416) 

Sparingly sol in cold ale. Reduced by NH4SH in 
ale. to nitroxylidine M.P. 123° ; by Sn + HCl to 
diaminoxylene M.P. 104®. On warming with cone. 
HNO, + H2SO4 yields trinitroxylene M.P. 125®. 

118° o-Dinitrobenzene C4H4(NOj)* (1:2) 

B.P. 319®. Volatile with steam. Slightly sol. in 
hot water ; sol. in 50 parts of cold ale., in 30 parts 
of cold CH jOH, in 18 parts of cold benzene, in 4 
parts of cold CHCl,. With NH4SH in ale., or on 
boiling with NH, in aic., yields ^^nitroaniline M.P. 
71®. Reduced by Sn + HCl to (^phenylenediamine 
M.P. 102®. On boiling with dil. NaOH yields 0- 
nitrophenol M.P. 44®. With aniline at 100® yields 
i>-nitrodiphenylamine M.P. 75®. 



NITROETHERS 


241 


U.P. 

122° i:3:5-Triiiitrobenzene C|H,(NO,), (1:3:5) 

Very pale yellow. Slightly sol. in hot water ; sol. 
in 55 parts of cold ale., in 20 parts of cold CH,OH, 
in 70 parts cold ether, in 16 parts of cold benzene 
or CHCl,. With dil. NaOH gives red colour, dis- 
charged by acid. With Na,CO| soln. -f K,Fe(CN), 
yields picric acid M.P. 122°. Reduced by Sn -f HCl 
to unstable triaminobenzene (triacetyl deriv. M.P. 
208°). Forms addition compound wili naphthalene 
(in ale.) M.P. 152°. 

170° i:8-Dinitronaphthalene CioH,(NO,), (1:8) 

Sol. at 19° in 140 parts of benzene, in 90 parts of 
CHCl^ in 10 parts of pyridine. On boiling for 5 
mins, with fuming HNO* + HjS04 yields 1:3:8- 
trinitronaphthalene M.P. 218°. Reduced by Sn -f 
HCl in ale. to i:8-diaminonaphthalene M.P. 66°. 

172° ^-Dinitrobenzene C4H4(NO,), (1:4) 

B.P. 299°. Volatile with steam. Slightly sol. in hot 
water ; sol. in 250 parts of cold ale., in 140 parts of 
cold CHtOH, in 40 parts of cold benzene, in 50 parts 
of cold CHClj. On boiling with 5% NaOH yields 
/>-nitrophenol M.P. 114°. Reduced by Sn + HCl to 
/>-phenylenediamine M.P. 140° ; by NHjSH in ale. 
to />-nitroaniline M.P. 147°. Fonns addition com* 
pound with naphthalene (in ale.) M.P. 118°. 

214° i:5-Dinitronaphthalene Ci4H,(NO,), (1:5) 

Sparingly sol. in cold in most organic liquids ; sol. 
in 125 parts of cold, and in 10 parts of boiling, pyridine. 
On boding for 5 mins, with (5 parts) fuming HNO, + 
(5 parts) cone, H,S04 yields i:4:5-trinitr0naphthalene 
M.P, 154°, Reduced by Sn + HCl in ale. to 1:5- 
diaminonaphthalene M.P. 189° (diacetyl deriv. M.P. 
above 360°). On passing (3 mols.) H|S into cold 
soln in ale. NHj yields i-amino-5-nitronaphthalene 
M.P. 118°. 

NITROETHERS 

LIQUID 

265° u-Nitroanisole CH,0-C4H4-N0| (1:2) 

M.P. 9°. D. 1-254 (20°)- losol. in water, miscible 
with organic liquids. On reduction by Sn + HCl 
yidds o-anisidhie B.P, 218°. With cone. HNO| -1- 
H|S04 at 0° yields 2:4-dinitroanisole M.P. 88° ; on 
wanning, trinitroanisole M.P. 68° is formed. With 

B 


O.A. 
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chlorine in acetic add yields 4>chloro deriv. M.P. 
97^. On boiling with 48% HBr yields o-nitrophenol 
M.P. 44® and methyl bromide B.P. 4®. On long 
boiling with cone. NaOH yields o>nitrophenol and 
methyl ale. B.P. 65®. 

268® , o-Nitroph^etole CiH»0*C|H4*N0, (1:2) 

Insol. in water, inisdble with organic liquids. With 
Sn + HQ yields o-phenetidine B.P. 229®. With cold 
cone. HNO, + H1SO4 yields 2:4-dhiitrophenetole 
M.P. 86®; on warming, trinitrophenetole M.P. 78° 
is formed. On boiling with 48% HBr yields 0- 
nitrophenol M.P. 44® and ethyl bromide B.P. 38®. 
On long boiling with cone. NaOH yields o-nitrophenol 
and eiiyl ale. B.P. 78®. 


38® m-Nitioanisole CH40‘C4H4‘N0j (1:3) 

B.P. 258®. Almost insol. in water, readily sol. in 
organic liquids. With Sn -f HQ yields m-anisidine 
B.P. 251® (acetyl deriv. M.P. 80®). On boiling with 
48% HBr yields m-nitrophenol M.P. 97® and methyl 
bromide B.P. 4®. UndJanged on boiling with 10% 
NaOH. 

54® />-Nitroanisole CH,0-C«H4‘N0* (1:4) 

B.P. 274®. Volatile with steam. Almost insol. in 
water, r^ily sol. in ale. and ether, sparingly in cold 
light petroleum. With Sn + HQ yields />-anisidine 
M.P. 57®. With fuming HNO* at 0® yields 2:4- 
dinitroainisole M.P. 88®; on warming with cone. 
HNO, + HjSO* yields trinitroanisole M.P. 68®. On 
boiling with 48% HBr yields />-nitrophenol M.P. 
1 14® and methyl bromide B.P. 4®. On long boiling 
with cone. NaOH yields ^-nitrophenol and methyl 
ale. B.P. 65®. 

59® />-Nitrophenetole C^40*C|H4-N0| (1:4) 

B.P. 283®. InsoL in water; sparingly sol. in cold 
ale., readily in ether. With Sn + HQ yields p- 
phenetidine B.P. 254®. With cone. HNO, + H,S04 
in cold yields 2:4-dinitrophenetole M.P. 86® ; on warm- 
ing, trinitrophenetole M.P. 78® is formed. With 
KCIO* + HQ yields 2-chloro deriv. M.P. 78®. On 
boiling with 40% HBr yields />-nitrophenol M.P. 114® 
and €&yl bromide B.P. 38®. On long boiling witii 
cone. NaOH yields /’-nitrophenol and ethyl ale. B.P. 
78®. 
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68*^ 2:4:6-Trmitroanisole CH,0-C|H|(N0|)| (i:2:4:6) 

Insol. in water, sparingly sol. in cold ale., sol. in 
benzene and acetic acid. On boiling With dil. NaOH 
yields picric acid M.P. 122® and me&yl ale. B.P. 65®. 
With CtH,ONa in abs. ale. yields an addition com- 
pound (red needles) which with acid yields a mixture- 
of trinitroanisole and trinitrophenetole M.P. 78®. 
With NH, in ale. yields picramide M.P. 188®. On 
warming with aniline yields trinitrodiphenylamine 
M.P. 177®. 

78® 2:4:6-Trinitrophenetole CJHjO*C,H|(NO,)a (i:2:4:6) 
Insol. in water, readily sol. in eiher and benzene. 
On boiling with dil. NaOH yields picric acid M.P. 
122® and ethyl ale. B.P. 78®. With NH, in ale. 
yields picramide M.P. 188®. On wanning wii aniline 
yields trinitrodiphenylamine M.P. 177®. 

88® 2:4“Dinitroanisole CH, 0 -C,H,(N 0 J, (1:2:4) 

Insol. in water, readily soL in ale. and ether. On 
boiling with cone, NaOH yields 2:4-dinitrophenol M.P. 
1 14® and methyl ale. B.P. 65®. On warming with cone. 
HNO, -f- HjSO, yields trinitroanisole M.P. 68®. On 
heating with aniline yields dinitrodiphenylamine 
M.P. 156®. 

NITROALCOHOLS 

SOLID 

11.P. 

27® w-Nitroben^l Alcohol NO,‘C,H4-CH,OH (1:3) 

On heating to 250® yields di-w-nitrobenzyl ether M.P. 

1 14®. With Zn dust + dil. CaCl, yields w-amino- 
benzyl ale. M.P. 97®. With acid I^InO, yields w- 
nitrobenzaldehyde M.P. 58® and m-nitrobenzoic acid 
M.P. 140®, 

74® o-Nitrobenzyl Alcohol NO,'C,H4-CjH,OH (rz) 

B.P. 270®d. On heating at 230® slowly decomposes, 
yielding hydroxyindazylbenzoic lactone M.P. 295®. 
Sparingly sol. in water, readily in ale. and ether. 
With Zn dust + dil. CaCl, yields o-aminobenzyl ale. 
M.P. 82®. Oxidised by cone. HNO, to o-nitrobenz- 
aldehyde M.P. 46® ; with K,Cr,07 + dil. HtSO, 
yields o-nitrobenzoic acid M.P. 144®. Acetate M.P. 
35®. Benzoate M.P. 94®. 

93® />-Nitrobenzyl Alcohol NO,*C4H4-CH,OH (1:4) 

B.P. i85®/i 2 mm. Decompose on heating to 250®. 
Readily sol. in hot water, sparingly in cold. With, 
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Zn dust + dil, CaCl* yields />-aminobenzyl ale. M.P. 
65®. On oxidation yields /»-nitrobenzoic acid M.P. 
241®. Acetate M.P. 78°. Benzoate M.P. 89°. 

NITROPHENOLS 

SOLID 

44® o-Nitrophenol NO,*CtH4-OH (1:2) 

B.P. 215®. Bright yellow. Volatile with steam. 
Characteristic odour. Readily sol. in hot water and 
in most organic liquids. Sol. in dil. NaOH with 
orange colour ; red Na salt is readily sol. in cold 5% 
NaOH. Witli Zn dust + dil. CaCl, yields o-amino- 
phenol M.P. 174®. On gently warming with 60% 
HNO, yields 2:4-dinitrophenol M.P. 114®; with 
cone. HNO, + HjSO, yields picric acid M.P. 122®. 
On adding (2 mols.) bromine to soln. in dil. NaOH 
yields 4:6-dibromo deriv. M.P. 117®. Methyl ether 
M.P. 9®i B.P. 265®. />-Nitrobenzyl ether M.P. 130°. 
Acetate M.P. 40®, B.P. 253®d. Benzoate M.P. 142®. 
Benzenesulphonate M.P. 75®. 

97® m-Nitrophenol NO,-C,H4-OH (1:3) 

B.P, i86®/i 2 mm. Pale yellow. Odourless and not 
volatile with steam. Readily soL in hot water and 
most organic liquids. Sol. in dil. NaOH with orange- 
yellow colour. With Zn dust -f dil. CaCl, yields 
fw-aminophenol M.P. 122®. With cone. HNO, -f- 
H,S04, at first in cold and finally at 50®, yields 
tetranitrophenol M.P. 140®. On warming with (2 
mols.) bromine yields dibromo deriv. M.P. 91®. 
Methyl ether M.P. 38®, B.P. 258®. Benzoate M.P. 95®. 
Benzenesulphonate M.P. 72®. Carbanilate M.P. 129®. 
1 14® ^-Nitrophenol NO,*C4H4*OH (1:4) 

Colourless. Odourless and not volatile with steam. 
Readily sol, in hot water (melts), ale. and ether. 
Sol. in dil. NaOH with bright yellow colour ; yellow 
Na salt is sparingly sol. in cold 5% NaOH. With 
Zndust + dil. CaCl, yields />-aminophenolM.P. i84®d. 
On gently warming with 60% HNO, yields 2:4- 
dinitrophenol M.P. 114® ; with cone. HNO, -f HjSO, 
pelds picric acid M.P. 122®. With (2 mob.) bromine 
in acetic acid at 100® yields 2:6-dibromo deriv. M.P. 
142®. Methyl ether M.P. 54®. ^Nitrobenzyl ether 
M.P. 187®. Acetate M.P. 81®. Benzoate M.P. 142®. 
Benzenesulphonate M.P. 82®. 
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M.P. 

114° 2:4-Diiiitrophenol (NOi)tC,H,*OH (2:4:1) 

Colourless. Sol. in hot water, ale. and ether. Aque- 
ous soln. is yellow ; colour is discharged by HCl. 
Sol. in dil. NaOH with bright yellow colour ; yellow 
Na salt is sparingly sol. in cold 5% NaOH. With 
Sn + HCl yields 2:4-diaminophenol M.P. 79M. ; with 
NH4SH yields 4-nitro-2-aniinophenol M.P. 142® 
(forms violet soln. in dil. NaOH). On heating with 
urea or acetamide at 200® in a current of NH, yields 
2:4-dinitroaniline M.P. 187®. On warming with cone. 
HNOj + HjSOi yields picric acid M.P. 122®. With 
bromine water yields 6-bromo deriv. M.P. 118®. 
Methyl ether M.P. 88®. />-Nitrobenzyl ether M.P. 
248®. Acetate M.P. 72®. Benzoate M.P. 132®. 
Benzenesulphonate M.P. 118®. NH* salt M.P. 220®. 

122® Picric Acid (NOJjCjHj-OH (2;4:6:i) 

Light yellow. ^ 1 . in 90 parts of water at 20®, in 
14 parts at 100®. Sol. in ale. and benzene, very readily 
in acetone, sparingly in ether. Forms yellow soM 
in water (colour dikharged by HCl) and in ale. ; 
colourless in acetic acid, CHCl^ and ligroin. Reduced 
by NH4SH in ale., or by Zn dust in NH4OH, to 4:6- 
dinitro-2-aminophenol (picramic acid) M.P. 168®. 
With PCI5 yields picryl chloride M.P. 83®. With 
cold alk. NaOCl soln yields chloropicrin B.P. 112®. 
Forms addition compounds with benzene (M.P. 84°) 
and naphthalene (M.P. 149®). 

138® 2:4-Dinitro-a-naphthol (NOJjCioHj-OH (2:4:1) 

Yellow. Insol. in water; sparingly sol. in ale., 
ether, and benzene. With . Sn + HCl yields 2:4- 
diamino-a-naphthol (triacetyl deriv. M.P. 28o®d.). 
With cone. HjSO* + fuming HNO, in cold yields 
2:4;5-trinitro-a-naphthol M.P. 189® (forms sparingly 
soL K salt) and 2r4:7-trinitro-a-naphthol M.P. 145® 
(forms sparingly sol. Na salt). 


NITROALDEHYDES 

SOLID 

44® o-Nitrobenzaldehyde NO,-C4H4'CHO (1:2) 

B.P. i53®/23 mm. Yellow, Volatile with steam. 
Slightly sol] in water, readily m most organic liquids. 
SoL (with gradual decomposition) in dil. NaOH, from 
which it is ppted by acids. With cone. NaHSO* 
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yields a cryst. addition compound, readily sol. in 
water. Wifii KMnO| soln yields o-nitrobenzoic acid 
M.P. 144®. With SnCl, + HCl yields ^thranil B.P. 
2io-2i5®d. {99V13 On exposure in benzene 
soln. to sunlight is converted into o-nitrosobenzoic acid 
M.P. 2i3®d. On boiling with acetic anhydride + 
Na acetate yields o-nitrocinnamic acid M.P. 240®. 
With dil. acetone + trace NaOH yields blue ppte of 
indigotin. Oxime M.P. 102®. PhenylhydrazoneM.P. 
156®. />-Nitrophenylhydrazone M.P. 263®. 2:4-Dini- 
trophenylhydrazone M.P. 192®. Semicarbazone M.P. 
256®. With hydrazine sulphate in dil. ale. yields azine 
M.P.205®. Anil. M.P. 69®. 

58® wi-Nitrobenzaldehyde NO,-C,H4-CHO (1:3) 

B.P. i 64®/23 mm. Pale yellow. Slightly sol. in 
water, readily in organic liquids. Sol. in dil. NaOH 
with gradual decomposition ; is ppted. from this soln 
by acids. With NaHSO s forms an addition compound 
sol. in water. With l^nO* soln. yields w-nitro- 
benzoic acid M.P. 140®. With Sn + acetic acid 
yields a yellow condensation product of m-amino- 
benzaldehyde, which with acetic anhydride yields 
w-acetaminobenzaldehyde M.P. 84®. On heating 
with acetic anhydride + Na acetate yields m- 
nitrocinnamic acid M.P. 196®. On boiling with 
acetic anhydride alone yields diacetate M.P. 72®. 
Oxime M.P. 120®. Phenylhydrazone M.P. 120®. 
/>-Nitrophenylhydrazone M.P. 247®. 2:4-Dinitro- 
phenylhydrazone M.P. 268°d. Semicarbazone M.P. 
246®. With hydrazine sulphate yields azine M.P. 
195®. Anil M.P. 61®. With benzene + cone. H,S04 
in cold yields m-nitrotriphenylmethane M.P. 90®. 

106® />-Nitrobenzaldehyde NO,-C4H4*CHO (1:4) 

Slightly sol. in water and light petroleum, sparingly 
in ether, readily in ale. and benzene. Sol. in dil. 
NaOH with gradual decomposition ; is ppted. from 
this soln. by acids. Redsts oxidation by dil. 
1^0, ; omdised by KjCrjO, + dil. H,S04 to />- 
nitrobenzoic acid M.P. Forms a cr3rst. com- 
pound (very sol. in wate^ with NaHSO, ; on heating 
with NaH^, soln. yields J^^aminobenzaldehyde M.P. 
70®, With Sn + HCl yielchi a mixture. On boiling 
with acetic anhydride + Na acetate yields />-nitro- 
cinnamic acid M.P. 285® ; with acetic anhydride 
alone 3delds diacetate M.P. 126®. Oxime M.P. 129®. 
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Phenylhydrawne M.P. 159®. ^Nitrophenylhydra- 
zone M.P. 249®. Semicarbazone M.P. 221®. With 
hydrazine sulphate soln. yields azine M.P. 304®. 
AnilM.P. 93®. 


NITROCARBOXYLIC ACIDS 

SOLID 

125® 3-Nitrosalicylic NO,‘C,H,(OH)*COOH + H ,0 (3:2:1) 
Anhydrous acid hM M.P. 144®. Yellow. Sparingly 
sol. in cold water, readily in organic liquids. Gives 
red colour with FeCl,. On heating with lime yields 
o-nitrophenol M.P. 44®. With Sn + acetic acid yields 
3-aminosalicylic acid M.P. 235®d. (hydrochloride M.P. 
250®). Ethyl ester M.P. 118®. With PCI5 yields 
chloride M.P. 60®. Amide M.P. 145®. Ba s^t is 
almost insol. in water. 

140® w-Nitrobenzok NO,CJH4<XX)H (1:3) 

Colourless. Sol. in boiling water (melts), sparingly in 
cold. On heating with soda-lime yields n trobenzene 
B.P. 210-®. With Sn + HQ yields w-aminobenzoic 
acid M.P. 174®. Methyl ester M.P. 78®. Ethyl ester 
M.P. 47®. ^-Nitrobenzyl ester M.P. 141®. Chloride 
M.P. 30®, B.P. I54®/i8 mm. Amide M.P. 142®. 
Anilide M.P. 153®. Ba salt is sparingly sol. in cold 
water. 

144® o-Nitrobenzoic NOjCiHiCOOH (1:2) 

Colourless. Sol. in boiling water. On heating with 
soda-lime yields nitrobenzene B.P. 210®. With Sn -H 
HCl yields anthianilic acid M.P. 144®. Methyl ester 
B.P. 275® (i69®/i 9 mm.). Ethyl ester M.P. 30®. 
Chloride occasionally explodes on distillation under 
reduced pressure. Amide M.P. 174®. Anilide M.P. 
155®. Ba salt is very sol. in cold water. 

144® 3-Nitrosalicylic (Anhydrous) See Hydrated Acid M.P. 

125°. 

^ 73 ** 3:5-Dinitrosalicylic (NO,)|C,H,(OH)*COOH (3:5:2:!) 

Colourless. Readily sol. in hot water (yellow soln.), 
ale. and eth^, sparingly in HQ. Gives red colour 
with FeCl,. Soln. in dil. NaOH gives orange-i^ 
cok)ur with dextrose, yielding by partial reduction 
3-amino-5-nitrosalicylic add M.P. 220®. Methyl ester 
M.P. 127®. Ethyl estCT HP. 99®. With PClg yields 
chloride M.P. 69®. 
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179® 2:4-Dinitrobenzoic {NO,),C,H,*COOH (2:4:1) 

Colourless. Sol. in hot water. With Sn + HCl 
yields m-phenylenediamine M.P. 63°. Methyl ester 
M.P. 70°. Ethyl ester M.P. 41®. ^-Nitrobenzyl ester 
M.P. 142®. Chloride M.P. 41®. Amide M.P. 203®. 

199® m-Nitrocinnamic NO,-C«H4‘CH:CH‘COOH (1:3) 

Colourless. Unsaturated. On oxidation by KMnOi 
yields w-nitrobenzoic acid M.P. 140®. With SnCl, + 
HCl yields m-aminocinnamic acid M.P. 180®. Methyl 
ester M.P. 123®. Ethyl ester M.P. 78®. ^-Nitrobenzyl 
ester M.P. 174®. 

202® 3:5-Dinitrobenzoic (N08),C,H,-C00H (3:5:1) 

Colourless. Sol. in hot water. With Sn + HCl yields 
3:5-diaminobenzoic acid M.P. 236®. Methyl ester M.P. 
107°. Ethyl ester M.P. 92®. Chloride M.P. 74®. 
Amide M.P. 183®. Anilide M.P. 234®. 

218® 3-Nitrophthalic NO,-C,H,(COOH)* (3:1:2) 

Colourless. Sol. in hot water, readily in ale. and 
ether ; insol. in CHCl,. On heating above M.P. yields 
anhydride M.P. 163®. Methyl ester M.P. 69®. Ethyl 
ester M.P. 45®. ^-Nitrobenzyl ester M.P. 189®. 
Imide M.P. 217®. Anil M.P. 136°. />-Tolil M.P. 149®. 

220®d. 2:4:6-Trinitrobenzoic (NOJjCjHj-COOH (2:4:6:!) 

Very pale yellow. Sol. in hot water and in most 
organic liquids. On boiling with water, or on melting, 
yields COj-and trinitrobenzene M.P. 122®. With dU. 
NaOH gives red colour, discharged by acids. Methyl 
ester M.P. 157®. Ethyl ester M.P. 155°. Chloride 
M.P. 158®. Amide M.P. 264®d. 

230® 5-NitrosaUcylic NO,-C4H,(OH)-COOH (5:2:1) 

Colourless. Almost insol. in cold water ; sol. in hot 
water, readily in ale. Gives red colour with FeCl,. 
On heating with lime yields ^-nitrophenol M.P. 114®. 
On boiling with cone. HNO, yields picric add MP. 
122®. With Sn 4- HCl yields 5-aminosalicylic acid 
M.P. 283®. Methyl ester M.P. 1 1 7®. Ethyl ester M.P. 
118®. Methyl ether M.P. 148®. Amide M.P. 225®. 
Anilide M.P, 224®. Ba salt is readily sol. in water. 

237® o-Nitrocinnamic NO,*C4H4*CH:CH*COOH (1:2) 

Colourless. Almost insol. in cold water. Unsatu> 
rated ; with bromine slowly yields dibromide M.P, 
i8o®d. With KMnOi soln. yields o-nitrobenzaldehyde 
M.P. 44® and <^■nitrobenzoic add M.P. 144®. With Sn -f* 
HCl. in ale. yields o-aminocinnamic add M.P. i58®d. 
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II.P. 

Methyl ester M.P. 72®. Ethyl ester M.P. 42®. />- 
Nitrobenzyl ester M.P. 132®. Chloride M.P. 64®. 
Amide M.P. 185®. 

241® ^-Nitrobenzoic NO,-C,H4*COOH {1:4) 

Colourless. Sparingly sol. in cold water and ale., sol. 
in ether, almost insol. in benzene. On heating with, 
soda-lime yields nitrobenzene B.P. 210®. With Sn -f- 
HCl yields />-aminobenzoic acid M.P. 186®. Methyl 
ester M.P. 96®. Ethyl ester M.P. 57®. ^-Nitrobenzyl 
ester M.P. 168®. Phenacyl ester M.P. 128®. Chloride 
M.P. 75®. Amide M.P. 201®. Anilide M.P. 204®. 

'285® />-Nitrocinnamic NO,*C4H4*CH:CH‘COOH (1:4) 

Colourless. Almost insol. in cold water, ale. and 
ether. Unsaturated; with bromine slowly forms 
dibromide M.P. 217®. With cone. HNOj + H,S04 
yields /)-nitrobenzaldehyde M.P. 106®; with alk. 
KMn04 yields /)-iiitrob^oic acid M.P. 241®. With 
Sn HCl in ale. yields /?-aminocinnamic acid M.P. 
I75®d. (acetyl deriv. M.P. 259®). Methyl ester M.P. 
161®. Ethyl ester M.P. 138®. />-Nitrobenzyl ester 
M.P. 168®. Amide M.P. 160®. 

NITROSO COMPOUNDS 
(Including Nitrosoamines) 

BP LIQUID 

227®d. Methylphenylnitrosoaminp C,H4*N’(CH|)*NO. 

M.P. 12®. B.P. I2i®/i3 mm. D. 1-125 (25®). Pale 
yellow. Volatile with steam. Insol. in water, mis- 
cible with organic liquids. With Sn + HCl yields 
methylaniline B.P. 193® ; with Zn. dust + acetic acid 
yields methylphenylhydrazine B.P. 227®. With HCl 
gas in ether yields /)-nitrosomethylaniline M.P. 115®. 

236®d. Ethylphenylnitrosoamine C|H,N(C,Hj)*NO 

B.P. I34®/i 6 mm. D. i-o86 (22®). Pale yellow. 
Volatile with steam. Insol. in water, miscible with 
organic liquids. With Sn + HCl yields ethylaniline 
B.P. 206® ; with Zn dust + acetic acid yields ethyl- 
phenylhydrazine B.P. 237® (benzal deriv. M.P. 49®). 
With HCl gas in ether yields /)-nitrosoethylaniiine 
M.P. 78®. 

SOLID 

67® Diphedylnitrosoamine (CiHJtN-NO 

Pale yellow. Insol. in wal^ and dil. ackis, sol. in 
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organic liquids. Gives blue colour on adding a trace 
to cone. HfSO*. On boiling with Sn + HCl in ale. 
yields diphenylamine M.P. 54^ ; on warming with Zn 
dust + acetic acid yields diphenylhydrazine M.P. 34®. 
With HG gaa in ether or ale. yidds ^nitrosod^henyl- 
amine M.P, 144®. 

67® Nitrosobenzene CJH,-NO 

B.P. 58®/i8 mm. Sharp odour. Colourless ; green 
in fus^ state. Insol. in water, sol. in organic liquids 
with green colour. Reduced by Sn + HCl to amliae 
B.P. 183® (with some chloroanilines), by ale. NaOH to 
azoxybenzene M.P. 36®. Oxidised by alk. H| 0 , to 
nitrobenzene B.P. 210®. With aniline in acetic acid 
yields azobenzene M.P. 68®. 

84® ^-Nitrosodiethylaniline (CjHs'iN-CiHi-NO (1:4) 

Dark green. Insol. in water, sol. in dil. acids and in 
organic liquids. Forms a yellow cryst. hydrochloride. 
With Sn + HCl yields ^-aminodiethylaniline B.P. 
261®. On boiling with cone. NaOH yields />-nitroso- 
phenol M.P. I26®d. and diethylamine B.P. 55®. With 
KMnOi or K,Fe(CN)* yields ^-nitrodiethylaniline 
M.P. 77®. 

85® p-Nitrosoimethylaniline {CH,),N-C,H4-NO (1:4) 

Dark green. Insol. in water, sol. in dil. adds and in 
organic liquids. Forms a yeUow cryst. hydrochloride. 
With Sn 4- HCl yields ^-aminodimethylaniline M.P. 
41®. On boiling with cone. NaOH yields />-nitroso- 
phenol M.P, I26®d. and dimethylamine With 
KMn04 or K,Fe(CN)| yields />-nitrodimethylaniline 
M.P. 163®. / 

109® i-Nitroso-2-naphthol NO'Ci^, OH (1:2) 

DuU yellow. Almost insol. in water, sol. in dil. alkali 
and in most organic liquids. Volatile with steam. 
Forms a sparingly sol. green Na salt, and gives (in 
50% acetic add) brown and red pptes. with Cu and Co 
salts (but not with Ni). Forms an addition product 
M.P. 130® with (i mol.) bromine in CHC 1 |. With 
NH4SH yields i-amino-2-naphthol (colourless leaflets, 
sparingly sol. in hot water ; picrate M.P. 109®, mono- 
acetyl deriv. M.P. 235°, diacetyl deriv. M.P. 206®). 
On boiling with HCl yields hydroxylamine HCl and 
some j?-naphthoquinone d. 1 15-120®. With dil. HNO| 
in cold yields i-nitro-2-naphthol M.P. 103®; with 
fuming HNO, at 40-50® yields i;6-dihitro-2-naphthol 
M.P. 195M. 
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115'* />-Nitrosomethylaniline CH,‘NH*C|H4*NO (1:4) 

Green with blue reflex. InsoL in water, sol. in dil. 
adds and alkalies and in most organic liquids. Forms 
a yellow cryst. hydrochloride. Witii Sn + HCl 
yields /)-aminomethylaniline M.P. 35®, B.P. 258® 
(dibenzoyl deriv. M.P. 164®). On boiling with cone. 
NaOH yields />-nitrosophenol M.P. I26®d, and 
methylamine (q.v.). 

I26®d. /)-Nitrosophenol HO-CiHi^NO (1:4) 

(Decomposition sets in at about 124®). Nearly 
colourless. Appreciably sol. in cold water, readily in 
ale. and.in ether, giving green solns. ; sparingly sol. in 
benzene, giving yellow soln. Sol. in dil. NaOH, 
giving red-brown soln. Reduced by NH4SH to 
^-aminophenol M.P. i84®d. Oxidised by cone. HNO, 
or by KjFe(CN)4 to /)-nitrophenol M.P. 114®. With 
acetic anhydride at 100® yields yellow acetyl deriv. 
M.P. 107®. On warming with aniline acetate yields 
^-hydroxyazobenzene M.P. 152®. With 2:4-dinitro- 
chlorobenzene + Na acetate in ale. yields 2:4-dinitro- 
phenyl deriv. M.P. 165®. On methylation in alk. 
soln yields quinone methoxime M.P. 83®. 

[44® />-Nitrosodiphenylamine C,H,‘NH-C,H4*NO (1:4) 

Green. Insol, in water ; sol. in dil. NaOH and in 
organic liquids. With Zn dust -f acetic acid yields 
/^-amiinodiphenylamine M.P. 66®. On boiling with 
cone, NaOH yields />-nitrosophenol M.P. I26®d. and 
aniline B.P. 183®. 

AZO COMPOUNDS 

SOLID 

u,?. 

55® o-Azotoluene CH,«C,H4-N:N*C4H4*CH, (2:2^ 

Red. With Zn dust NaOH in dil. ale. yields 
o-hydrazotoluene M.P. 165® which with cone. HCl 
yields o-toluidine M.P. 129®. With Na|S|04 + NaOH 
in dil, ale. yields o-toluidine B.P. 197®. 

68® Azobenzene C|H,-N:N-C,H4 

B.P. 293®. Orange-red. With Zn dust NaOH in 
dil. ale. yields hydrazobenzene M.P. 131®, which with 
cone. HCl yields benzidine M.P. 127®. With SO| in 
ale. yields benzidine. With NaiS,04 -|- NaOH in dil. 
ale. yields aniline B.P. 183®. With (2 mols.) bromine 
in acetic add yields dibromo deriv. M.P. 187®. With 
benzaldehyde at 200® yields benzanilide M,P. 161®, 
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MA 

100® Aminoazo-o-toluene 

CH,*C,H4-N:N*C.H,(CH,)-NH, (2:3':4') 
Purple crysts. Sol. in organic liquids (yellow soln.) 
and in dil. acids (red soln.). Dyes wool yellow. With 
Sn + HCl yields o-toluidineB.P. 197® and /^-toluylene- 
diamine M.P. 64®, B.P. 273® (diacetyl deriv. M.P. 
220®). Acetyl deriv. M.P. 185°. Azo-j?-naphthol 
deriv. M.P. 186®. 

1 15® /j-Dimethylaminoazobenzene 

C,H,-N:N.C.H4-N(CH,), (4) 
Orange. Sol. in organic liquids (yellow soln.) and in 
dU. acids (red soln.). Dyes wool yellow. With Sn + 
HCl yields aniline B.P. 183° and ^-aminodimethyl- 
aniline M.P. 41®, B.P. 262®. 

125® /^-Aminoazobenzene CgHj-NiN-CeHyNH, (4) 

Yellow with bluish reflex. Sol. in organic Uquids 
(yellow soln.) and in dil. acids (red soln). Dyes wool 
yellow. With Sn + HCl yields aniline B.P. 183® and 
/>-phenylenediamine M.P. 140®. Acetyl deriv. M.P. 
144®. Benzal deriv. M.P. 127®. Azo-j?-naphthol 
deriv. M.P. 202®. 

128® Benzeneazo-o-cresol C|H4‘N:N‘C4H,(CH,)‘OH (3:4) 

Yellow. Sol. in organic liquids (yellow soln.) and in 
dil. NaOH (orange soln.). With Sn + HCl yields 
aniline B.P. 183® and 5-amino-o-cresol M.P. i76®d. 
Acetyl deriv. M.P. 87®. Benzoyl deriv. M.P. iio®. 

131® Benzeneazo-jJ-naphthol CiHj-NiN-CjoHi-OH (1:2) 

Orange. Sol. in organic liquids (yellow soln) ; insol. 
in dil. NaOH. Sol. in cone. H,SQ4 (magenta soln). 
With Sn 4- HCl yields aniline B.P. 183® and i-amino- 
2-naphthol (colourless leaflets, sparingly sol. in hot 
water ; picrate M.P. 109®, monoacetyl deriv. M.P. 
235®, diacetyl deriv. M.P. 206®). Acetyl deriv. M;P. 
1 17®. Benzoyl deriv. M.P. 125®. 

144® />-Azotoluene CH,*C,H4-N:N-C4H4*CH, (4:4') 

Orange. With Zn dust + NaOH in dil. ale. yields 
, />-hydrazotoluene M.P. 133® ; with Sn + HCl yields 
^<toluidine M.P. 45®. 

152® ^Hydroxyazobenzene C|H,*N:N*C4H4*OH (4) 

Yellow. Sol in organic liquids (yellow soln.) and in 
dil. NaOH (orange soln.). WithSn + HCl yields aniline 
B.P. 183® and /^-aminophenol M.P, i84®d. Acetyl 
deriv. M.P. 84®. Benzoyl deriv. M,P. 138®. Methyl 
ether M.P. 56®. 
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AZOXY COMPOUNDS 

SOLID 

M.F. 

36° Azoxybenzene C|H,*N:NO*C,H, 

Light yellow. Witii Zn dust + NaOH in dil. ale. 
yields first azobenzene M.P. 68® and then hydrazo- 
benzene M.P. 131® ; with SnCl, + HCl yields aniline 
B.P. 183°. On warming with cone, HjSO* yields 
^-hydroxyazobenzene M.P. 152®. 

59® o-Azoxytoluene CH,-C,H4-N:NO-C,H4*CH, (2:2') 

Light yellow. Witii Zn dust + NaOH in dil. ale. 
yields first o-azotoluene M.P. 55® and then o-hydr- 
azotoluene M P. 165® ; with SnCl, + HCl yields 
o-toluidine B.P. 197®. 

75® ^-Azoxytoluene CH,*C4H4-N:NO‘C4H4‘CH, (4:4') 

Light yellow. With Zn dust + NaOH in dU. ale. 
yields first />-azotoluene M.P. 144®, and then ^-hydr- 
azotoluene M.P. 133® ; with SnCl| + HCl yields 
^-toluidine M.P. 45®. 

NITROAMINO COMPOUNDS 

SOLID 

71® 0-Nitraniline NH|*C4H4*NO, (1:2) 

Orange. Volatile with steam. Sol. in hot water. 
With Zn dust + NaOH in dil. ale. yields o-phenylene- 
diamine M.P. 102®. Acetyl deriv. M.P. 92®. Benzoyl 
deriv. M.P. 94°. Benzenesulphonyl deriv. M.P. 104®. 
Azo-j?-naphthol deriv. M.P. 212®. 

72® 2-Nitro-^-toluidine CH,*C,H,(NHJ*NOj (1:4:2) 
Yellow. Sol. in hot water. Wi^ Sn. + HCl yields 
w-toluylenediamine M.P. 99®. Acetyl deriv. M.P. 
93®. Benzoyl deriv. M.P. 172®. Benzenesulphonyl 
deriv. M.P. 160®. Azo-^-naphthol deriv. M.P. 162®. 

92® 6-Nitro-o-toluidine CH,*C*H,(NH,)*NO| (1:2:6) 

Light yellow. Slightly sol. in hot water. With 
Sn + HCl yields toluylene-2:6-diamine M.P. 104® 
(diacetyl deriv. M.P. 202®). Acetyl deriv. M.P. 157®. 
Benzoyl deriv. M.P. 167®. Azo-j 5 -naphthol deriv. 
M.P. 215®. 

97® 3-Nitro-o-toluidine CH,-C4H,(NHj)»NO, (1:2:3) 

Orange. Almost insol. in hot water. With Sn + 
HCl yields toluylene-2:3-diamine M.P. 6i®, B.P, 255®. 
Acetyl deriv. M.P. 158®. Azo-^naphthol deriv. M.P. 
168®. 
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107® 4-NitrcH)-toluidme CH,*C|H*(NH,)-NO* (1:2:4) 

Yellow. With Sn + HC? yields m-toluylenediamine 
M.P. 99®. Acetyl deriv. M.P. 150®. Benzene- 
sulphonyl deriv. M.P. 172®. 

114® m-Nitroaniline NHj-C*H4-NO, (1:3) 

B.P. 285°. Yellow. Volatile with steam. Sol. in 
hot water. Stable towards hot NaOH soln. With 
Sn + HCl yields m-phenylenediamine M.P. 63®. 
Aceiyl deriv. M.P. 155®. Benzoyl deriv. M.P. 155®. 
Benzenesulphonyl deriv. M.P. 136®. Benzal deriv. 
M.P. 73®. Azo-]?-naphthol deriv. M.P. 194®. 

116® 3-Nitro-/>-toluidine CH,C4H,(NH,)‘NO* (1:4:3) 

Red. Volatile with steam. Almost insol. in hot 
water. Witii Zn dust + NaOH in dil. ale. yields 
toluylene-3:4-diamine M.P. 88® (diacetyl deriv. M.P. 
210®). Acetyl deriv. M.P. 144®. Etenzoyl deriv. 
M.P. 143®. Benzenesulphonyl deriv. M.P. 99®. Azo- 
^-naphthol deriv. M.P. 278®. 

136® 5-Nitro-o-toluidine CH,-C,H,(NH,)*NO, (1:2:5) 

Light yellow. Almost insol. in hot water, rea^y sol. 
in ale. With Sn + HCl yields ^-toluylenedicunine 
M.P. 64® (diacetyl deriv. M.P. 220®). Acetyl deriv. 
M.P. i^®. Azo-^-naphthol deriv. M.P. 248®. 

138® 2:6-Dinitroaniline NH,*C*H,(NO|)| (1:2:6) 

Yellow. Slightly sol. in cold ale. With Sn + HCl 
yields i:2:3-triaminobenzene M.P. 103®, B.P. 336®. 
Acetyl deriv. M.P. 197®. 

147® />-Nitroaniline NH,-C»H4-NO, (1:4) 

Yellow. Not volatile with steam. Sol. in hot water. 
With Sn + HCl yields />-phenylenediamine M.P. 
140®. On long boiling witi cone, Na H yields NH, 
and />-nitropi enol M.P. 114®. AcetyL deriv. M.P. 
215®. B nzoyl deriv. M.P. 199®. Benzenesulphonyl 
deriv. M.P. 139®. Benzal deriv. M.P. 117®. Azo-jS- 
naphthol deriv. M.P. 250®. 

I57®d. />-Nitrophenylhydrazme N04-C|H4-NH-NH4 (1:4) 

Orange-r^ leaflets. With Sn -f HCl yields />-phenyl- 
enediamine M.P. 140®. With CUSO4 soln. yields 
xiitrobenz^e M.P. 5®, B.P. 210® and N|. Acetyl 
deriv. M.P. 205®. Benzoyl deriv. M.P. 193®. Benzal 
deriv. M.P. 192®. With acetone yields tsopropylidene 
deriv. M.P. 148®. Forms a picrate M.P. 119®. 

168® Picramic Add (NO,);C.H,(OH)-NH, (4:6:i:2) 

Brownish red. Slightly sol. in water, sol. in dil. 
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MJ. 

NaOH with orange colour. Slightly sol. in ether and 
CHClj, sol. in ale., readily in benzene. With Sn + 
HCl yields triaminophenol {readily oxidised by air ; 
triacetyl deiiv. M.P. 279M., tetra-acetyl deriv. M.P. 
255°d., tetrabenzoyl deriv. M.P. 256®, picrate M.P. 
196°). Monoacetyi deriv. M.P. 201®. Monobenzoyl 
deriv. M.P. 220®. 

176® 2:4“Dinitroaniline (NO,),C,H,-NH, (2:4:1) 

Yellow, with blue reflex. Slightly sol. in hot water. 
Forms no salts with acids. With Sn + HCl yields 
i:2:4-triaminobenzene M.P. below loo®, B.P. 340®, 
On boiling with cone. NaOH rapidly yields NHj and 
2:4-dinitrophenolM.P. 114®. Acetyl deriv. M.P. 120®. 
Benzoyl deriv. • M.P. 220®. Azo-j?-naphthol deriv. 
M.P. 302®. 

188® Picramide (NO,)|C,H,‘NH, (2:4:6:!) 

Yellow, with blue reflex. On boiling with dil. NaOH 
readily yields NH, and picric acid M.P. 122®. Can be 
diazotis^ only in cone. HjSOi soln. (or in cone. HjSO* 
+ acetic acid). With Sn -f HCl yields NH4CI and 
triaminophenol {cf, Picramic acid M.P. 168® above). 
Forms a compound with naphthalene (in ale.) M.P. 
168®. 

I 98 ®d. 2:4-Dinitrophenylhydrazine 

(NOJ,C,H,*NH*NH, (2:4:1) 
Red. Sparingly sol. in cold ale., ether ’and benzene, 
readily in hot ethyl acetate. Almost insol. in cold dil. 
acids, salts being hydrolysed by water. With Sn + 
HCl yields i:2:4-triaminobenzene M.P. below 100®, 
B.P. 340®. On boiling with cone. NaOH yields 
2:4-dmitrophenol M.P. 114® and NH,. With CuSO, 
soln yields m-dinitroben2eneM.P. 90® an IN,. Benzal 
deriv. M.P. 235®. With acetone yields wopropylidene 
deriv. M.P. 128®. 

NITRO CARBOXYLIC AMIDES 
Simple and Substituted 

HP 

92® o-Nitroacetanilide NO,-C,H4-NH CO CH, (1:2) 

Yellow. Sol. in hot water. Sol. in a 10% soln. of 
KOH in .S% aqueous ale. ; soln. on standing deposits 
o-nitroaniline M.P. 71®. 

143® m-Nitrobenzamide NO,'C4H4*CONH, (1:3) • 

Colourless. SoL in hot water. On boilhig with dil. 
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tLT. 

NaOH yields NH, and w-nitrobenzoic add M.P. 140®. 
On wanning with PCI, or P, 0 , yields w-nitrobenzo- 
nitrile M.P. 117®. 

144® 3-Nitro-4-acetaminotoluene 

CH,'C,H,(NO,)-NH-CO CH, (1:3:4) 

Yellow. Sol. in hot water. On boiling with dil. 
NaOH yields 3-nitro-^-toluidine M.P. 116® and Na 
acetate. On boiling with dil. KMnO, yields 3-nitro- 
4>acetaminobenzoic acid M.P. 220°. 

153® w-Nitrobenzanilide NO,*C,H4-CO'NH-C,H, (1:3) 

Colourless. Slightly sol. in hot water. On boiling 
with acids or alkalies yields m-nitrobehzoic acid M.P. 
140® and aniline B.P. 183®. 

155® m-Nitroacetanilide NO,*C,H4*NH-CO-CH, (1:3) 

G)lourless. Insol. in water and in 30% KOH ; on 
boiling with dil. NaOH yields w-nitroaniline M.P. 114® 
and Na acetate. On boiling with Sn + HCl yields 
m-phenylenediamine M.P. 63®. 

176® o-Nitrobenzamide NO,-CeH4-CONH, (1:2) 

Colourless. Sol. in hot water. On boiling with dil. 
NaOH yields NH, and o-nitrobenzoic acid M.P. 144°. 
With Sn + HCl yields antbranilic add M.P. 144®. 
On wanning with PCI, yields o-nitrobenzonitrile MJP. 
no®. 

196® 5-Nitro-2-acetammotoluene 

CH,*C,H,{NO,)*NH-GO-CH, (1:5:2) 

Colourless. Sparingly sol. in hot water. On boiling 
with dil. NaOH yields 5-nitro-o-toluidine M.P. 130® 
and Na acetate ; on long boiling with cone. NaOH 
yields 5-nitro-o-cresol M.P. 94® and NH,. On boiling 
with KMnO, yields 5-nitro-2-acetaminobenzoic 
acid M.P. 215®. 

201® ^-Nitrobenzamide NO,*C,H4-CONH, (1:4) 

Colourless. Sol. in hot water. On boiling with dil. 
NaOH yields NH, and />-nitrobenzoic acid M:P. 241®. 
On boiling with Sn + HCl yields ./)-aminobenzoic add 
M.P. 186®, On warming with PCI, yields /i-nitro- 
benzonitrile M.P. 147®. 

210® /^Nitroacetanilide NO,C,H4‘NH-CO€H, (1:4) 

Colourless. Insol. in a 10% soln of KOH in 8% 
aqueous ale., but sol. (with gradual decomposition) in 
30% KOH. On boiling with dil, NaOH yields 
^nitroaniline M.P. 147® and Na acetate ; on long 
boiling with cone. NaOH yields NH, and ^nitro- 
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phenol M.P. 114®. On boiling with Sn + HCl yields 
/)-phenylenediamine M.P. 140“ ; with Fe filings + dil. 
acetic acid yields /)-aniinoacetanilide M.P. 162°. 

ALKYL NITRATES AND NITRITES 

LIQUID 


Methyl 

Nitrate 

B.P. D. 

65° 1-232 (5°) 

B.P. 

Nitrite 

D. 

Ethyl 

87® 

1-130 (4°) 

17° 

0-900 (15®) 

M-Propyl 

no® 

1-075 (5°' 

44° 

0-998 (0®) 

fsoButyl 

123® 

1-033 (4°) 

67° 

0-888 (4°) 

«-Butyl 

136^* 

1-048 (0®) 

75° 

0-911 (0®) 

isoAmyl 

147° 

I -000 (7°) 

99° 

0-880 (15®) 


HALOGEN SUBSTITUTED AMINES 

LIQUID 

207® o-Chloroaniline C1.C,H4-NH, (1:2) 

D. I *2 13 (20°) . Hydrochloride M.P. 235®. On adding 
(i mol.) KNO3 to soln. in cone. H1SO4 yields 5«nitro 
deriv. M.P. 1 1 7®. By Sandmeyer's reaction yields 
o-dichlorobenzene B.P. 179®. Acetyl deriv. M.P. 
87®. Benzoyl deriv. M.P. 99®. Benzenesulphonyl 
deriv. M.P. 129®. /j-Bromobenzenesulphonyl deriv. 
M.P. 105®. m-Nitrobenzenesulphonyl deriv. M.P. 
153®. Azo-^-naphthol deriv. M.P. 167®. 

230® w-Chloroaniline C1'C4H4'NH, (1:3) 

D. I *2 1 6 (20®). Sulphate is sparingly sol. in cold 
water. By Sandmeyer’s reaction yields w-dichloro- 
benzene B.P. 172®. Acetyl deriv. M.P. 72°. Benzoyl 
deriv. M.P. 120®. Benzenesulphonyl deriv. M.P. 12 1®. 
Benzal deriv. B.P. 338®. 

SOLID 

11.P. 

18® w-Bromoaniline Br.C,H4*NH, (1:3) 

B.P. 251®. By Sandmeyeris reaction yields m- 
chlorobromobenzene B.P. 196®. Acetyl deriv. M.P. 
87®. Benzoyl deriv. M.P. 120®. 

31® (^Bromoaniline Br*C4H4*NH, (1:2) 

B.P. 250®. By Sanineyer’s reaction yields o-chloro- 
bromobenzene B.P. 195®. Acetyl deriv. M.P. 99®. 
Benzoyl deriv. M.P. n6®. 


O.A. 


S 
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M.P. 

63° 2:4-Dichloroaniline C 1 ,C,H,‘NH, (2:4:1) 

B.P. 245®. By Sandmeyer's reaction yields i:2:4-tri- 
chlorobenzene M.P. 16®, B.P. 213®. AcCtyl deriv. 
M.P. 145®. Benzoyl deriv. M.P. 117®. Benzene- 
sulphonyl deriv. M.P. 128®. Azo-)?-naphthol deriv. 
M.P. 183®. 

66® ^-Bromoaniline Br*C,H4*NH, (1:4) 

B.P. 245®d. By Siidmeyer’s reaction yields p» 
chlorobromobenzene M.P. 67®, B.P. 196®. Acetyl 
deriv. M.P. 167®. Benzoyl deriv. M.P. 204®. Ben- 
zenesulphonyl deriv. M.P. 134®. wi-Nitrobenzene- 
sulphonyl deriv. M.P. 120®. i^nzal deriv. M.P. 67®. 

70® ^-Chloroaniline Cl*CeH4*NHj {1:4) 

B.P. 230®. Sulphate is sparingly sol. in cold water. 
By Sandmeyer’s reaction yields />-dichlorobenzene 
M.P. 53®. Acetyl deriv. M.P. 179°. Benzoyl deriv. 
M.P. 142®. Benzenesulphonyl deriv. M.P. 12 1®. 
^-Bromobenzenesulphopyl deriv. M.P. 134®. m-Ni- 
trobenzenesulphonyl deriv. M.P. 119°. Benzal deriv. 
M.P. 62®. Azo-^^-naphthol deriv. M.P. 160®. 

77® 2:4:6-Trichloroaniline ClaCiHj-NHi (2:4:6:!) 

B.P. 262®. Insol. in HCl, salts being hydrolysed by 
water. By Sandmeyer’s reaction yields i:2:3:5- 
tetrachlorobenzene M.P. 50®, B.P. 246®. On diazo- 
tising in ale. + HjS04 and then warming yields 
i:3:5-trichlorobenzene M.P. 63®; B.P. 208®. Acetyl 
deriv. M.P. 204®. Benzoyl deriv. M.P. 174®. 

80® 2:4-Dibromoaniline BraCjHB-NHj (2:4:1) 

By Sandmeyer’s reaction yields 2:4-dibromochloro- 
benzene M.P. 27®, B.P. 258®. Acetyl deriv. M.P. 146®. 
Benzoyl deriv. M.P. 134®. 

106® />-Bromophenylhydrazine Br'CeH4*NH-NH* (1:4) 

With SnCl* + HCl yields ^-bromoaniline M.P. 66® 
(with some aniline). With CUSO4 soln yields bromo- 
benzene B.P. 157® and Nj. Acetyl deriv. M.P. 167°. 
Benzoyl deriv. M.P. i56®d. Benzal deriv. M.P. 127®. 
With acetone yields « 50 propylidene deriv. M.P. 98®. 

119® 2:4:6-Tribromoaniline Br,C,Hj-NHj (2:4:6:!) 

B.P. 300®. Insol. in HCl, salts being hydrolysed by 
water. By Sandmeyer’s reaction yields 2:4:6-tri- 
bromochlorobenzene M.P. 90®, On diazotising in 
ale. 4 - HjS 04 and then warming yields !:3:5-tribromo- 
benzene M.P. 119®, On boiling with acetic anhy- 
dride yields diacetyl deriv. M.P. 127®, which on gentle 
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hydrolysis with dil. NaOH yields monoacetyl deriv. 
M.P. 232°. Benzoyl deriv. M.P. 198®. 

HALOGEN SUBSTITUTED AMIDES 
Simple and Substituted 

SOLID 

119® Chloroacetamide Cl-CH,-CONH, 

B.P. 224®d, Readily sol. in water and ale., slightly in 
ether. On boiling with HCl yields NH4CI and 
chloroacetic acid M.P. 63®. On warming with PjO# 
yields chloroacetonitrile B.P. 124® (sharp q^our). 
Forms a compound with hexamethylenetetramine (in 
acetone) M.P. i6o®d. On boiling with ale. + cone, 
H,SO| yields ethyl chloroacetate B.P. 144®. 

167® ^-Bromoacetanilide CH»-CO*NH-C*H4-Br (1:4) 

On boiling with dil. acids or alkalies yields ^-bromo- 
aniline M.P. 66® and acetic acid. With fuming HNO, 
+ acetic acid yields 2-nitro deriv. M.P. 104®, which 
on hydrolysis yields 2-nitro-4-bromoaniline M.P, iii®, 

179® ^-Chloroacetanilide CH,-C0-NH-C4H4C1 (1:4) 

On boiling with dil. acids or alkalies yields ^chloro- 
aniline M.P. 70® and acetic acid. With fuming HNO, 
+ acetic acid yields 2-nitro deriv. M.P. 104®, which 
on hydrolysis yields 2-nitro-4-chloroaniline M.P. 115®, 

HALOGEN SUBSTITUTED NITRO HYDROCARBONS 

LIQUID 

B.P. 

1 12® Chloropicrin NO,-CCl, 

D. 1*651 (23®). Highly irritating odour. Insol. in 
water. On boiling with dil. KOH yields KCl and 
KNO,. On warming i drop with thymol + KOH in 
ale. gives yellow colour ; with resorcinol in place of 
thymol, red colour. With Fe + acetic acid yields 
methylamine {q,v,). On boiling with thiocarbanilide 
in ale. yields sulphur and a product M.P. 252®. 

SOLID 

11.P. 

32® o-Nitrochlorobenzene Cl*C,H4*NO, (1:2) 

Pale yellow. B.P. 245®. With Zn dust + dil. acetic 
acid yields o-chloroaniline B.P. 207®. On wanning 
with cone. Hi^O, + HNO, yields 2:4-dinitrochloro- 
benzene M.P. 53®. On boiling with KOH in CH,OH 
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MJ. 

yields o-nitroanisole M.P. 9°, B.P. 265® (with a 
little 2:2'-dichloroazoxybenzene M.P. 56®) . On gradu- 
ally adding (0'5 mol.) Na,S to soln in boiling ale. 
yields di-o-nitrophen3d sulphide M.P. 122®. 

41® o-Nitrobromobenzene Br*C,H4-NO» (1:2) 

Pale yellow. B.P. 264®. Sol. in cold fuming H^SOi. 
With Sn + HQ yields o-bromoaniHne M.P. 31®, B.P. 
250®. On warming with cone. HjSO* + HNO, yields 
2:4-dinitrobromobenzene M.P. 72®. For replacement 
reactions c/. o-Nitrochlorobenzene M.P. 32®. 

44® w-Nitrochlorobenzene Q-CiHi-NO, {1:3) 

Pale yellow. B.P. 235°. With Sn -f HQ pelds 
m-chloroaniline B.P. 230®. With cone. H1SO4 + 
fuming HNOj yields 3:4-dinitrochlorobenzene M.P. 
72®. Gives no replacement reactions; on boiling 
with KOH or NajS in CH,OH yields 3:3'-dichloro- 
azoyybenzene M.P. 97®. 

48® o-Nitrobenzyl Chloride N04*C,H4-CHjCl (1:2) 

On adding to SnCl^ 4 * HCl at 40-50®, and then adding 
Zn dust, yields o-toluidine B.P. 197°. With KMn04 
soln yields o-nitrobenzoic acid M.P. 144®. With cone. 
HNO, + H*S04 yields 2:4-dinitrobenzyl chloride M.P. 
34®. On warming with NajCOs soln. yields o-nitro- 
benzyl ale. M.P. 74®. On boiling with cone. Na 
acetate soln. yields o-nitrobenzyl acetate M.P. 35®. 
With phenol + NaOH in ale. yields o-nitrobenzyl 
phenyl ether M.P. 63®. On boiling with KCNS in 
90% ale. yields the thiocyanate M.P. 75®. 

53® 2:4-Dinitrochlorobenzene Q-C,H,(NOi)i (1:2:4) 

Pale yellow. B.P, 315°. Sparingly sol. in cold ale., 
readily in ether and benzene. With SnQ| + HCl 
yields chloro-m-phenylenediamine M.P. 91® (diacetyl 
deriv. M.P. 242®, dibenzoyl deriv. M.P. 178®). On 
warming with fuming HNO* + fuming HjSO* yields 
picryl chloride M.P. 183®. On boiling with dil. NaOH 
yields 2:4-dinitrophenol M.P. 114° J with KOH in 
CH*OH yields 2:4-dinitroamsole M.P. 88®. On boiling 
with dimethylaniline jdelds 2:4-<iinitrophenyl methyl- 
aniline M.P. 167®. 

54® Nitro-^-dichlorobenzene NO,*C4H,Cl* (2:1:4) 

Pale yellow. B.P. 266°. Sparingly sol. in cold ale., 
readily in benzene. With Sn -j- HCl yields 2:5- 
dichloroanilineM.P. 50®, B.P. 251® (acetyl deriv. M.P. 
143®, benzoyl deriv. M.P. 120®). On wanning with 
cone. HNO, -f HjSO* yields i:3-dinitro-2:5-dichloro- 
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benzene M.P. 104®. On boiling with (i mol,) KOH in 
CHjOH yields 2-nitro-4-chloroanisole M.P. 97®. 

54® w-Nitrobromobenzene BrCiHi-NO, (1:3) 

Pale yellow. B.P. 257®. Readily sol. in ale. With 
Sn + HCl yields w-bromoamline M.P. 18®, B.P. 251®. 
On heating with large excess cone. HNO, + HjSOi 
yields 3:4-dinitrobromobenzene M.P. 59®. Gives no 
replacement reactions ; on boiling with KOH or Na,S 
in CH jOH yields 3:3'-dibromoazoxybenzene M.P. 1 1 1®. 

71® />-Nitrobenzyl Chloride N0,-C,H4-CH,C1 (1:4) 

Readily sol. in ale. With SnCl* + HCl, followed by 
Zn dust, yields ^-toluidine M.P. 45®. With pyrogallol 
+ KOH in ale. yields /)-nitrotoluene M.P. 54®. On 
boiling with KMn04 soln. yields /)-nitrobenzoic acid 
M.P. 241®. With cold cone. HNO, + H,S04 yields 
2:4-dinitrobenzyl chloride M.P. 34®. On boding with 
KOH in CHaOH yields two 4:4'-dinitrostilbenes M.P. 
293® and 213®, with some /J-nitrobenzyl m'ethyl ether 
M.P. 29°. On boiling with cone. K acetate soln. yields 
^-nitrobenzyl acetate M.P. 78®, which on hydrolysis 
yields ^-nitrobenzyl ale. M.P. 93®. With phenol + 
NaOH in ale. yields /^-nitrobenzyl phenyl ether M.P. 
91®. ^-Naphthyl ether M.P. 106®. 

72® 2:4-Dinitrobromobenzene Br*C4H,(NO,), (1:2:4) 

Pale yellow. With Sn + HCl yields w^phenylene- 
diamine M.P. 63®. Replacement reactions like those 
of 2:4-dinitrochlorobenzene M.P. 53®. Forms an 
unstable compound with benzene M.P. 65®. 

83® ^-Nitrochlorobenzene Cl'C4H4-NO, {1:4) 

Very pale yellow. B.P. 242®. With Sn + HCl yields 
/>-chloroai^e M.P. 70®. On warming with cone. 
HNO, + HjSO, yields 2:4-dinitrochlorobenzene M.P. 
53®. On long boding with cone. NaOH yields />-nitro- 
phenol M.P. 1 14®. On long boiling with KOH in 
CH,OH -f H ,0 yields />-nitroanisole M;P. 54®, and 
some 4:4'-dichloroazoxybenzene M.P. 155®. On slowly 
adding (0*5 mol.) Na,S to soln. in boding ale. yields 
di-/>-nitrophenyl sulphide M.P. 154®. 

83® Picryl Chloride Cl‘C,H,(NO,), (i:2:4:6) 

Yedow. Sparingly sol. in efiier and light petroleum, 
readdy in hot ale. and benzene. With Sn + HCl 
yields unstable i:3:5-triaminobenzene (triacetyl deriv. 
M.P. 208®). On boiling with dd. NaOH yields picric 
acid M.P. 122® ; with KOH in CH,OH yields trinitro- 
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II.P. 

anisole M.P. 68° ; with KOH in ale. yields trinitro- 
phenetole M.P. 78°. With NH, in ale. yields pier- 
amide M.P. 188°. On warming with aniline yields 
trinitrodiphenylamine M.P. 177°. Forms a eompotind 
with naphthalene M.P. 150°. 

99° /)-Nitrobenzyl Bromide NO,*C8H4-CH,Br 

Replacement reactions like liose of ^-Nitrobenzyl 
chloride, M.P. 71°. 

126° ^-Nitrobromobenzene Br C,H4*NO, (1:4) 

Very pale yellow. B.P. 259°. Sparingly sol. in ale. 
With SnCl, -I- HCl yields />-bromoandine M.P. 66° 
(with a little aniline). On warming with cone. 
HNO, + H,S04 yields 2:4-dinitrobromobenzene M.P. 
72°. For replacement reactions cf, />-Nitrochloro- 
benzene M.P. 83°. 

MERCAPTANS 

B.P. 

36° Ethyl Mercaptan CtH|*SH 

D. 0*839 {20°). Almost insol. in water ; forms a cryst. 
hydrate below 8°. Sol. in dil. NaOH ; soln on boiling 
very slowly gives up mercaptan. Soln. in dil. NaOH 
gives purple colour with nitroprusside. Ale. soln. gives 
transient blue colour with FeCl,. Gives yellow ppte. with 
AgNO,, colourless ppte. with UgCl,. With HgO or 
Hg(CN), yields normal Hg salt M.P. 76°. With Pb 
acetate yields yellow Pb salt M.P. 150°. With iodine 
•f H ,0 (or with cone. HJSO4) yields ethyl disulphide 
B.P. 153°. Acetyl deriv. B.P. 116°. Benzoyl deriv. 
B.P. 252°. 

67° w-Propyl Mercaptan CH,*CH,*CH,*SH 

D. 0*838 (20°). Sol. in dil. NaOH ; soln. on boiling 
gradu^y gives up mercaptan. Soln. in dil NaOH 
gives purple colour with nitroprusside. Normal Hg 
salt M.P. 68°. With iodine + H ,0 yields disulphide 
B.P. 192°. Acetyl deriv. B.P. 136°. 

88° jsoButyl Mercaptan (CH,)*GH*CH,-SH 

D. 0*830 (20°). Sol. in dil. NaOH ; soln. on boiling 
readily gives up mercaptan. Soln. in dil. NaOH gives 
purple colour with nitroprusside. With iodine -f- H ,0 
yields disulphide B.P. 220°. Acetyl deriv. B.P. 149°.' 
° «-Butyl Mercaptan CH,*CH,*CH,*CH,*SH 

D. 0*858 (0°). Sol. in dil. NaOH ; can be readily 
distilled out of alk. soln. Soln in dil. NaOH gives 


97 ‘ 
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B.f. 

purple colour with nitroprusside. With iodine + H ,0 
yields disulphide B.P. 234®. 

1 17® woAmyl Mercaptan (CH,),CH-CH4-CH,-SH 

D. 0-835 (20°). Sol. in dil. NaOH ; can be readily 
distilled out of alk. soln. Soln. in dil. NaOH gives 
purple colour with nitroprusside. With iodine + H ,0 
yields disulphide B.P. 256®. 

169® Thiophenol C*Hj-SH 

D. 1-078 (24®). Sol. in dil. NaOH; cannot be dis- 
tilled out of alk. soln. Soln in dil. NaOH gives with 
nitroprusside a transient purple colour followed 
immediately by a turbidity. ^In. in cone. H,S04 
becomes r«d and then blue on warming. With dil. 
NaOH + iodine, or with H,Oj, 3delds phenyl disul- 
phide M.P. 60®. Gives colourless ppte. with HgCl, ; 
yellow pptes with Cu, Pb, and Ag salts. With 
NaOH -f methyl sulphate (or iodide) yields methyl 
phenyl sulphide B.P. 188®, which witii KMnOi in 
acetic acid yields sulphone M.P. 88®. With dil. 
NaOH -f Na chloroacetate yields phenylthioglycoUic 
acid M.P. 61®. With NaOH in ale. + benzyl chloride 
yields benzyl phenyl sulphide M.P. 42®. Acetyl deriv, 
B.P.228®. Benzoyl deriv. M.P. 56®. With NaOH -f 
benzenesulphochloride yields phenyl disulphide M.P. 
60® and phenyl disulpWe M.P. 193®. 

194® Benzyl Mercaptan CjHj-CHj-SH 

D. 1-058 (20°). Odour of onion. Soln in dil. NaOH 
gives with nitroprusside a purple colour which slowly 
fades. With dil. NaOH -f iodine, or with bromine in 
ether, yields benzyl disulphide M.P. 71®. Oxidised by 
HNO, to benzoic acid M.P. 121® and some benzalde- 
hyde B.P, 179®. Gives a sparingly sol. ppte. with 
HgCli in ale. Benzoyl deriv. M.P. 30®. 2:4-Dmitro- 
phenyl deriv. M.P. 128®. 

SOLID 

43® />-Thiocresol CH,*C,H4-SH {1:4) 

B.P. 195®. With dil, NaOH -|- iodine, or with H, 0 „ 
3delds />-tolyl disulphide M.P, 48®. Dissolves in warm 
cone. H jSOi with blue colour, yielding dimethylthian- 
threne M.P. 123®. With dil. NaOH + methyl sul- 
phate yields methyl />-tolyl sulphide B.P. 209®, which 
with OInOi in acetic acid yields sulphone M.P. 86®. 
With dil. NaOH -f- Na chloroacetate jdelds /?-tolyl- 
thioglycollic add M.P. 93®. Acetyl deriv. B.P. 242®. 
Benzoyl deriv. M.P. 75®. 
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SULPHIDES AND DISULPHIDES 
BA liquid 

Sf Methyl Sulphide (CH,),S 

D. 0-870 (0®). With KtoOi soln, yields sulphone M.P. 
109°, B.P. 238“. Forms addition compounds with 
HgCl, M.P. 150®, with Hgl, M.P. 75®. With methyl 
iodide yields trimethylsulphonium iodide d. 215® 
(forms compound with iodoform M.P. 162®). With 
(i mol.) Hgl, + methyl iodide yields addition 
compound M.P. 165®. 

46® Carbon Disulphide CS, 

D. 1-292 (0®). Insol. in water. Highly inflammable ;* 
bums with blue flame. Slowly dissolves in NaOH 
soln,, yielding Natrithiocarbonate (soln. gives deep red 
colour with nitroprusside). With KOH in ale. yields 
cryst. K xanthate (gives yellow ppte. with CuSOi). 
On shaking with aniline + cone. NaOH yields 
thiocarbanilide M.P. 153®. With Zn + HCl yields 
trithioformaldehyde M.P. 218°. 

92® Ethyl Sulphide (C,H,),S 

D. 0-837 (20®). With KMn04 soln. yields sulphone 
M.P. 70®, B.P. 248®, Forms addition compounds with 
HgCl, M.P. 119®, with Kgl, M.P. 52®. Forms addi- 
tion compounds with methyl iodide -f- Hgl, M.P. 67®, 
with ethyl iodide + Hgl| M.p. 112®. 

no® Methyl Disulphide (CH,),S| 

D. 1-046 (18®). With Zn + HGl yields methyl 
mercaptan B.P. 6® (forms yellow Pb and Ag salts, 
colourless normal Hg salt M.P. i75®d.). 

T42® w-Propyl Sulphide (CH,-CH,*CH,),S 

D 0-841 (17®). With KMnO, soln. yields sulphone 
M.P. 29°, B.P. 260®. 

153® Ethyl .Disulphide (CjHjliS, 

D. 0*993 (20®)* With Zn + HCl yields ethyl mer- 
captan B.P. 36®. 

172® woButyl Sulphide [(CH,),CH-CHJ,S 

D. 0*836 (10®). With idilnOi soln. yields sulphone 
M.P. 17®, B.P. 265®. 

182® «-Butyl Sulphide (CH,-CH,-CH,-CH,),S 

D. 0-839 (16®). With KMnOi soln. yields sulphone 
M.P. 43®, B.P. 288®. 

215® MoAinyl Sulphide [(CH,),CH-CH,-CHJ,S 

D, 0*839 (16®). With lQlnO| soln. yields sulphone 
M.P. 31®, B.P. 293®. 
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295® Phenyl Sulphide (C|HJtS 

D. i-ii8 (15®). With cone. HNOj, or K,CrA + dil, 
HjSO*, or KMnO* in acetic acid, yields sulphone M.P. 
128®. With (2 mols.) bromine yields 4:4^-dibromo 
deriv. M.P. 112®. 

M p 

48® p-Tolyl Disulphide (CHi-C^HJjS, (1:4) 

With Zn + HCl yields ^-^ocresol M.P. 43®. Dis- 
solves in warm cone. HjSOi with blue colour, yielding 
dimethylthianthrene M.P. 123®. 

49® Benzyl Sulphide {C,H5-CH,),S 

Dec. above 185®. Whi KMnOi in acetic acid yields 
sulphone M.P* 150®. With cold 48% HNO, yields 
sulphoxide M.P. 134® (with some benzoic acid M.P. 
I2I®). Compound with Hgl, M.P. 37®. With (i mol.) 
Hgl, + methyl iodide in acetone yields addition 
compound M.P. 155®; with ethyl iodide, M.P. 115®. 

57" ^Tolyl Sulphide (CH,-C,H4),S (1:4) 

With KMnOi in acetic acid yields sulphone M.P. 158®. 

60® Phenyl Disulphide (CiHJjS, 

B.P. 310®. On long boiling yields phenyl sulphide 
B.P. 295® and sulphur. With Zn + HCl yields thio- 
phenol B.P. 169®. With cone. HNO, yields benzene- 
sulphonic acid {q.v.). On wanning with cone. HjSOi 
gives red and den blue colour, yielding thianthrene 
M.P. 157®. On boiling with cone. ale. KOH yields 
thiophenol and benzenesulphinic acid M.P. 83®. 

71° Benzyl Disulphide (C,H,-CH,),S3 

Dec. above 270®. With Zn + HCl yields benzyl 
mercaptan B.P 194®. With KMnO* soln. yields 
benzoic acid M.P. 121®. Forms a cryst. addition 
product with AgNO, (in ale.). 

SULPHOXIDES AND SULPHONES 

SOLID 

M.P. 

70® Phenyl Sulphoxide (C,H,),SO 

B.P. 340®d. Readily sol. in ale., ether, and benzene ; 
sparingly in cold hgroin. Gives a transient blue 
colour with cone. HjSO,. With KMnO, in acetic 
acid yields sulphone M.P. 128®. With Zn + HCl 
yields sulphide B.P. 295®. 

76® Trional (C,H,-SO,),C(CH,)*C,H, 

Sol. in 320 parts of cold water, in 17 parts of cold alc„ 
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1 I.P. 

and in 15 parts of cold ether. Bitter taste. Re- 
sembles sulphonal M.P. 127° in general behaviour. 

92° />-Tolyl Sulphoxide (CH,-C,H4),SO (1:4) 

Readily sol. in ale., ether, and benzene ; sparingly in 
cold ligroin. With KMnOi yields sulphone M.P. 1 58®, 
which on prolonged oxidation yields phenyl sulphone 
dicarboxyUc acid M.P above 300°. With Zn -f HCl 
yields sulphide M.P. 57®. 

127® Sulphonal (CJH|-SO,)|C(CH4), 

B.P. 3oo®d. Sol. at 15® in 500 parts of water, in 65 
parts of ale., and in 133 parts of ether. Unaltered by 
strong acids, alkalies, oxidising agents, and bromine. 
On fusion with KCN gives odour of mercaptan, 
yielding KSCN. 

128® Phenyl Sulphone (C.HJiSO, 

B.P. 379®. Slightly sol. in hot water, sparingly in 
cold ale. ; sol. in benzene. Unaltered by oxidiising 
and reducing agents. With cone. HNO* -f H,S04 
yields di-m-nitro deriv. M.P. 201®. With PCI 5 at 
160-170® 3delds chlorobenzene B.P. 132® and benzene- 
sulphochloride M.P. 14®, B.P. 246®d. 

134® Benzyl Sulphoxide (CjHb-CHJjSO 

d. 210®. Sol. in hot water, readily in ale. With 
KMnOi in acetic acid yields sulphone M.P. 150® and 
some benzoic acid M.P. 121®. On boiling with 48% 
HNOg yields benzoic acid. With Zn -f HCl yields 
sulphide M.P. 49®. 

150® Benzyl Sulphone (C^Hg'CHJgSOj 

d. 290®. Insol. in water ; sparingly sol. in ale. On 
boiling with 48% HNO, yields benzoic acid M.P. 
12 1®. On boiling with formaldehyde + NaOH yields 
a compound M.P. 188®. 

158® ^Tolyl Sulphone (CH,-C.H4),SO, (1:4) 

B.P. 405®. Sparingly sol. in cold ale. and ether, 
sol in benzene and CHClg, On long treatment 
with KMnOg in acetic acid yields phenyl sulphone 
dicarboxyUc add M.P. above 300®. 

SIMPLE SULPHONIC ACIDS 

SOLID 

11.P. 

— fw-Benzenedisulphonic CgHilSOgH), + 2jH,0 (1:3) 
Very hygroscopic crysts. On grinding Na salt with 
PC 1 | yields the chloride M.P. 63®, B.P. i95®/io mm.. 
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M.P. 

which with NH| yields the, amide M.P. 229®. On 
fusion with KOH yields resorcinol M.P. 118®. 

— 2:7-Naphthalenedisulphomc Ci|H,(SO,H), (2:7) 

Very hygroscopic needles. Ba salt is sol. in 82 parts 
of water at 19®. Chloride M.P. 162®. Amide M.P. 
242®. On fusion with KOH yields 2:7-dihydroxy- 
naphthalene M.P. 184® (diacetate M.P. 136®, diben- 
zoate M.P. 138®, dimethyl ether M.P. 139®). Benzyl- 
pseudo-thiourea salt M.P. 199®. 

— 2:6-Naphthalenedisulphonic 'Cj*H,(SOaH), (2:6) 

Somewhat hygroscopic leaflets. Chloride M.P. 226® 
is sol. in 220 parts of cold fbenzene. Amide M.P. . 
above 305®. On fusion with KOH yields 2:6-dihydr- 
oxynaphthalene M.P. 218® (diacetate M.P. 175®, 
dimethyl ether M.P. 150®). Benzyl-pseudo-thiourea 
salt d. 200® (without melting). 

43® Benzenesulphonic (Hydrated) 

See anhydrous acid M.P. 65®. 

57® o-Toluenesulphonic CH,-C,H4-SO,H -f- 2H»0 (1:2) 

Hygroscopic leaflets. Ba salt is sol. in 26 parts of 
cold water. Chloride M.P. 10®, B.P. i26®/io mm. 
Amide M.P. 153®. Anilide M.P. 136®. With KMnOi 
soln pelds o-sulphobenzoic acid M.P. 134®. On 
fusion with KOH yields o-cresol M.P. 31® and some 
salicylic acid M.P. 155®. With cone. HNO, -1- H1SO4 
yields 4-nitro deriv. M.P. 133®. 

65® Benzenesulphonic CjHj-SOjH 

, Very sol. in water. On boiling under reflux with 
80% H,S04 yields benzene B.P. 80®, -On grinding 
Na salt with TO, yields chloride M.P. 14®, B.P. 246®d. 
(ii6®/io mm.), which with NHj yields amide M.P. 

1 53®. Anilide M.P. 1 05®. On fusion with KOH yields 
phenol M.P. 42®. 

85-90® a-Naphthalenesulphonic CioH,-SO,H (i) 

On warming with cone. HjSOi yields jj-naphthalene- 
sulphonic acid M.P. 124®. With Na amalgam + dil. 
acid yields naphthalene M.P. 80®. On boiling with 
KMn04 soln yields phthalic acid M.P. 1 95® d. Chloride 
M.P.68®. Amide M.P. 150®. Anilide M.P. 1 12®. On 
fusion with KOH yields a-naphthol M.P. 94®. Benzyl- 
pseudo-thiourea salt M.P. 136®. 

92® />-Touenesulphonic CH,-C4H4-SO,H (1:4) 

Ba salt is sol. in 5 parts of cold water. On distilling 
with 80% H 1SO4 yields toluene B.P. 1 10®. On boiling 
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lUP. 

with KMn04 yields ^-sulphobenzoic acid M.P. 94°. 
Chloride M.P. 69®. Amide M.P. 137®. Anilide M.P. 
103®, On fusion with KOH yields ^resol M.P. 35®. 
Aniline salt M.P. 240®. 

124® j}-Naphthalenesulphonic Ci4H7*SO,H (2) 

Unchanged on warming wilii cone. HjS04 or on 
treatment with Na amalgam. Chloride M.P. 76®. 
Amide M.P. 217®. Anilide M.P. 132°. On fusion 
with KOH yields j 5 -naphthol M.P. 122®. Benzyl- 
pseudo-thiourea salt M.P. 188®. 

SUBSTITUTED SULPHONIC ACIDS 

SOLID 

— ^-Phenolsulphonic HO C4H4*SO*H (1:4) 

Hygroscopic liquid. On d^tilling wiiii MnO, + dil. 
HjS 04 yields benzoquinone M.P. 115®. On heating 
with PCI5 yields />-dichlorobenzene M.P. 53®. On 
warming with cone. HNO* yields 2:4-dinitrophenol 
M.P. 1 14®. On warming wiA bromine water yields 
tribromophenol M.P. 95°. Aniline salt M.P. 170® on 
heating yields phenol M.P. 42° and sulphanilic acid 
(?.».). 

-- 2-Naphth(d-3:6-disulphonic (R Acid) 

H0A4H,(S0.H). (2:3:6) 
Deliquescent needles, very sol. in water. Na salt 
(insol. in 90% ale.) reduces AgNO, soln. at once. 
Benzeneazo deriv. is an orange dye. On distilling 
with PCI4 yields 2:3:6-trichloronaphthalene M.P. ^°. 

— 2-Naphthol-6:8-disulphonic (G Acid) 

H0-C„H4(S0,H)4 (2:6:8) 
Hygroscopic crysts. Na salt (sol. in 90% ale.) 
reduces AgNO» soln only after several minutes. 
Benzeneazo deriv. is an orange-yellow dye. On 
distillii^g with PCI4 yields i:3:7-trichloronaphthalene 
"MP. 113®. 

70® o-Sulphobenzoic (Hydrated) 

Sw anhydrous acid M.P. 134®. 

94® /»-Sulphobenzoic (Hydrated) 

anhydrous acid M.P. 259®. 

96® w-Sulphobenzoic (Hydrated) 

See anhydrous acid M.P. 141®. 

120® 5-Sulphosalicylic COOH-C4H,(OH)*SO,H (1:2:5) 

Readily sol. in water. Gives red colour with FeCl|. 
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11.P. 

On fusion with KOH jdelds salicylic acid M.P. 155® 
and some phenol M.P. 42®. On warming with phenol 
+ POQ3 yields diphenyl ester M.P. 177®, 
i22®d. 2-Naphthol“6-sulphonic (Schaeffer's) 

HO«Ci 3H, SO,H (2:6) 
Soln. in water has blue fluorescence. Gives pie green 
colour with FeCl,. On fusion with KOH yields 
2:6-dihydroxynaphthalene M.P. 218®. On heating 
with pfclj yields 2:6-dichloronaphthalene M.P. 136®. 
With methyl sulphate + NaOH soln. yields methyl 
ether (chloride M.Pi 93®, amide M.P. 199®). 

134® o-Sulphobenzoic COOH-C|H4-SO|H 

On warming with SOCl , or acetyl chloride yields anhy- 
dride M.P. 128® ; with PCI5 yields chloride M.P. 79®. 
Imide M.P. 220®. Anil M.P. 190®. On fusion with 
KOH yields salicylic acid M.P. 155®. With phenol + 
trace of HjSO* at 120® yields red melt which gives red 
soln. in alkalies, yellow in acids. Aniline ^t M.P. 
165^ 

141® w-Sulphobenzoic COOH-CiHi'SOjH (1:3) 

Readily sol. in water. Acid Ba ^t is sparingly sol. 
in water. Amide M.P. 170®. On fusion with KOH 
yields wt-hydroxybenzoic acid M.P. 200®. Nitro deriv. 
M.P. 96® (hydrated), M.P. 159® (anhydrous). 

i7o°d. i-Naphthol-4-sulphonic (Neville and Winther's) , 

HO-C„H,-SO,H (1:4) 
Does not melt sharply. Gives transient blue colour 
with FeCl,. Na salt (sol in 90% ale.) on heating 
yields a-naphthol M,P. 94®. On warming with cone. 
HNO, yields 2:4-dinitro-i-naphthol M.P. 178®. On 
heating with PClj yields i:4-dichloronaphthalene M.P. 
67®. 

195® d-Camphor-/J-sulphonic CioHijO-SO,H 

Readily sol. in water. Optically active, [a] d = +21® 
(io% in water). With SOCl| yields the chloride M.P. 
67®, which with dil. NH4OH yields an. amide M.P. 
223®, and with cone. NH4OH yields an amide M.P. 
132®. AniUde M.P. 119°. Methyl ester M.P. 61®. 
Ethyl ester M.P, 47®. 

259® ^-Sulphobenzoic COOH-C4H4-SO,H (1:4) 

Readily sol. iU' water ; forins a hydrate M.P. 94®. 
Acid Ba salt is sparingly sol. in cold water. Amide 
M.P. 230®. On fusion with KOH yields p-hydioxy- 
benzoic acid M.P. 213®. Nitro deriv. M.P. 130®. 
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SULPHONIC ESTERS 

LIQUID 

B.P. 

i50°/i5 mm. Methyl Benzenesulphonate C|H,-SO|-OCHs 
On boiling with dil, NaOH yields methyl ale. 65° 
and Na benzenesulphonate [q.v.). On boiling with 
cone. KI soln. yields methyl ibdide B.P. 43®. On 
warming with phenol + NaOH yields anisole B.P. 
154® ; with /J-naphthol yields / 9 -naphthyl methyl ether 
M.P. 72®. Addition compd with dimethylaniline M.P. 
180®. 

I56®/i 5 mm. Ethyl Benzenesulphonate C*H,*S0,*0C,H5 
On boiling with. dH. NaOH yields ethyl ale. B.P. 78® 
and Na benzenesulphonate On boiling with 

cone. KI soln. yields ethyl iodide B.P. 72°. On 
warming with phenol -f NaOH yields phenetole B.P. 
172® ; with j 9 -naphthol yields ^-naphthyl ethyl ether 
M.P. 37®. 

i74®/io mm. «-Butyl ^f-Toluenesulphonate 

CH,‘C,H4*S0,‘0C4H, (1:4) 
On boiling with dil. NaOH yields «-butyl ale. B.P. 1 16® 
and Na ^-toluenesulphonate (q.v,). On boiling with 
cone. KI soln yields «-butyl iodide B.P. 130®. On 
warming with phenol -f- NaOH yields phenyl «-butyl 
ether B.P. 210®. 


SOLID 

28® Methyl ^-Toluenesulphonate CH|*C,H4‘S0,-0CH, (1:4) 
B.P. i6i®/io mm. Addition compd. with dimeliiyl- 
aniline M.P. 160®. Cf. Methyl Benzenesulphonate 
B.P. i5o®/i5 mm. 

32® Ethyl />-Toluenesulphonate CH,*C,H4*S0*-0C|Hi (1:4) 
B.P. 173^/15 mm. Addition compd. with dime^yl- 
aniline M.P. 48®. Cf. Ethyl Benzenesulphonate B.P. 
I56®/I5 mm. 

35° Phenyl Benzenesulphonate C,H,*SO»*OC,H, 

On heating with very cone. NaOH to about 200® yields 
phenol M.P. 42® and Na benzenesulphonate (q.v.) On 
warming with C|H|ONa in ale. yields phenetole B.P. 
172®. With cone. HNO, + H,S04 yields dinitro 
deriv. M.P. 132®, which on boiling with NaOH soln. 
yields /)-nitrophenol M*P. 114® and Na w-nitrobenzene- 
sulphonate (q.v.). 
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B.P. 

39° o-Cresyl Benzenesulphonate C,H,-SO,‘OC,H4‘CH, (1:2) 
On heating with very canc. NaOH to about 200° 
yields o-cresol M,P. 31® and Na benzenesulphonate 
(q.v.). On warming with CjHjONa in ale. yields 
o-cresyl ethyl ether B.P. 180°. 

43° />-Cresyl Benzenesulphonate C^Hj-SOj'OCiHi’CH, (1:4) 
On heating with very cone. NaOH to about 200° 
yields p<mo\ M.P. 35® and Na benzenesulphonate 
(q.v.). On warming with C,H|ONa in ale. yields 
^-cresyl ethyl ether B.P. 189®. 

45® w-Cresyl Benzenesulphonate C,H,-SO,‘OCjH4‘CH| (1:3) 
On heating with very cone. NaOH to about 200® 
yields w-cresol B.P. 202® and Na benzenesulphonate 
(q.v.). On warming with C|HjONa in ale. yields 
w-cresyl ethyl ether B.P. 192®. 

51® w-Cresyl ^-Toluenesulphonate 

CH,*C4H4-S0,-0C,H4*CH, (4:3') 
Cf. m-Cresyl Benzenesulphonate M.P. 45®. 

53® O'Cresyl iJ-Toluenesulphonate 

CH,-C4H4-S04*0C,H4*CH, (4:2') 
Cf. o-Cresyl Benzenesulphonate M.P. 39®. 

69® />-Cresyl /)-Toluenesulphonate 

CH,-C,H4-S0,-0C,H4*CH, {4:4') 
Cf /)-Cresyl Benzenesulphonate M.P. 43®. 

95° Phenyl ^-Toluenesulphonate CH,'C,H4 *SOj-OC,H5 
Cf Phenyl Benzenesulphonate M.P. 35®. With cone. 
HjSQ 4 + HNOj yields a dinitroderiv. M.P. 115®, which 
on boiling with NaOH yields /j-nitrophenol M.P. 114® 
and Na 2-nitro-4-toluenesulphonate (chloride M.P. 
36®, amide M.P. 144®). 

ALKYL SULPHATES 

LIQUID 

Methyl Sulphate SO,(OCH,), 

D. 1*321 (25°). Insol. in cold water; hydrolysed on 
boiling. Odourless (vapour very poisonous). On 
boiling with dil. NaOH yields methyl ic, B.P. 65® and 
Na methylsulphate ; on boiling with cone. KI soln 
yields methyl iodide B.P. 43®. With phenol + dil. 
NaOH yields anisole B.P. 154®; with j?-naphthol 
yields )?-naphthyl methyl ether M.P. 72®. With 
aniline yields dimethylamline B.P. 193®. 
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208® Ethyl Sulphate SO,(C)C|H,), 

D. I -172 (25®). Insol. in cold water; slowly hydro- 
lysed on boiling. On boiling with dil. NaOH yields 
ethyl ale. B.P. 78® and Na ethylsulphate ; on 
boiling with cone. KI soln. yields ethyl iodide B.P. 72®. 
With phenol + dil. NaOH in warm yields phenetole 
B.P. 172® ; ^naphthyl ethyl ether M.P. 37®. With 
aniline yields ethylaniline B.P. 206® and die^ylaniline 
B.P. 216®. 

ALKYLSULPHURIC ACIDS 

LIQUID 

Methylsulphuric CH,OSO|OH 

Free acid is a hygroscopic liquid. Na and K salts are 
sol. in ale. NH4 salt M.P. 135®. Ca salt is extremely 
sol. in water. Gives no ppte with BaCl, in dil. HCl in 
cold ; BaSOi pptes. on boiling. On warming soln. of 
salt with Na,S yields methyl sulphide B.P. 37®. 

Ethylsulphuric CiH^OSOjOH 

Free acid is aliygroscopic liquid. Na and K salts are 
sol. in ale. NH4 salt M.P. 99®. Ca and Ba salts are 
extremely sol. in water. Gives no ppte with BaCl| 
in dil. HCl in cold ; BaSO* is ppted slowly on boil- 
ing. On warming soln of salt with Na*S jdelds ethyl 
sulphide B.P. 92®. 

SULPHINIC ACIDS 

SOLID 

M.r. 

83® Benzenesulphinic CJH,*SO,H 

Slightly sol. in cold water, readily in ether. With 
KMnOi soln. yields benzenesulphonic acid {q.v,}. 
With Zn dust HCl yields thiophenol B.P. 169®. 
With H,S in very dil. ale. soln. yields phenyl disulphide 
M,P. 60®. Witii PC 1 | yields benzenesulphochloride 
M.P. 14®, B.P. 246®d. On fusion with KOH 3rields 
benzene B.P. 80®. 

86® />-Toluenesulphmic CH*-C|H4‘SO,H (1:4) 

Slightly sol. in cold water, readily in ether. With 
KMn04 soln. yields />-toluenesulphonic acid M.P. 92®. 
With Zn dust -I- HCl yields ^-thiocresol M.P. 43°. 
With H*S in very dil. ale. soln. yidds ;f-tolyl disulphide 
M.P. 48®. With PCI4 yields ^-toluenesulphochloride 
M.P. ^®. On fusion with KOH yields toluene B.P. 
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THIOCARBOXYLIC ACIDS 

gp LIQUID 

93° Thioacetic CH,‘COSH 

Pale yellow. Unpleasant odour. D. 1-074 
Sol. in io vols. of cold water ; soto. on boiling yields 
HjS and acetic acid. With CuSOi gives red-brown 
ppte of Cu salt which blackens on boil'ng. With 
aniline yields H,S and acetanilide M.P. 114°. 

„ p 

24® Thiobenzoic C^Hj-COSH 

Oxidised in ether soln. by air to benzoyl disulphide 
M.P. 130®. On long boiling with water, or with dil. 
NaOH, yields benzoic acid M.P. 121® and HjS. With 
aniline yields H,S and benzanilide M.P. i6i°. 

SULPHOCHLORIDES 

SOLID 

U.P 

10® o-Toluenesulphochloride CHj-C^Hi-SOgCl (1:2) 

B.P. I26°/io mm. D. 1-339 (20®). Insol. in and very 
slowly decomposed by cold water ; on boiling yields 
o-toluenesulphonic acid M.P. 57® and HCl. With Zn 
dust -f dil. HCl yields o-thiocresol M.P. 15®, B.P. 
194®. Amide M.P. 153®. Anilide M.P. 136®. Phenyl 
ester M.P. 52®. 

14® Benzenesulphochloride C,H8-S0,C1 

B.P. 246°d. (ii6®/io mm.). D. 1-274^20®). Insol. 
in and very slowly decomposed by cold water ; on 
boiling yields benzenesulphonic acid M.P. 65® and 
HCl. With Zn dust + dil. HCl yields thiophenoi 
B.P. 169®. Amide M.P. 153®. Anilide M.P. I05^ 
Phenyl ester M.P. 35®. 

68® a-Naphthalenesulphochloride Ci«H,-SO|Cl (i) 

B.P. i94®/i3 mm. On boiling with water yields 
a-naphtiialenesulphonic acid M,P. 85-90® and HCl. 
With Zn dust + dU. HCl yields a-thionaphthol B.P. 
285®d. (i45°/io mm.), .^de M.P. 150®. Anilide 
M.P. 1 12®. Phenyl ester M.P. 75®. 

69® ^-Toluenesulphochloride CH,-C|H4-S0|C1 (1:4) 

B.P. i45®/i5 mm. On boiling with water yields 
/>-toluenesulphonic acid M.P. 92® and HCl. With Zn 
dust -I- dil. HCl yields ^-thiocresol M.P. 43®. Amide 
M.P. 137®. Anilide M.P. 103®. Phenyl ester M.P. 95®. 

T 


O.A. 
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76° jJ-Naphthalenesulphochloride Ci^H^-SOiCl (2) 

B.P. 20i°/i3 mm. On boiling with water yields 
)?-naphthalenesulphonic acid M.P. 124® and HCl. 
With Zn dust + dil. HCl yields ]S-thionaphthol M.P. 
81®. Amide M.P. 217°. Anilide M.P. 132°. Phenyl 
ester M.P. 98®. 

SULPHONAMIDES 

SOLID 

U.P. 

137® />-Toluenesulphonamide CHj*C,H4*SOtNH, (1:4) 

Sparingly sol. in cold water ; sol. in dil. NaOH, ale., 
and e&er. On boiling wiii 20% HCl yields NH4 
^-toluenesulphonate ; with 75% H4SO4 yields toluene 
B.P. no®. With methyl sulphate + dil. NaOH yields 
dimethyl deriv. M.P. 79®. With (i mol.) benzyl 
chloride + NaOH in dil. ale. yields benzyl deriv. M.P. 
1 1 6®. With KMn04 soln. yields ^-sulphonamido 
benzoic acid d. 280®. 

150® a-Naphthalenesulphonamide CioH,*SO|NHa (i) 

Almost insol. in cold water ; sol. in dil. NaOH, ale., 
and ether. On boiling with 20% HCl yields NH4 
a-naphthalenesulphonate. With (i mol.) ^nzyl chlor- 
ide 4 - NaOH in ale. yields benzyl deriv. M.P. 137®. 

153® Benzenesulphonamide CjHj'SOjNH, 

Sparingly sol. in cold water ; sol. in dil. NaOH, ale., 
and e&er. On boiling with 20% HCl yields NH4 
benzenesulphonate ; with 80% H,S04 yields benzene 
B.P. 80®. With methyl sulphate + dil. NaOH 
yields dimethyl deriv. M.P. 47®. With (i mol.) 
benzyl chloride + NaOH in dil. ale. yields benzyl 
deriv. M.P. 88®. 

153® o-Toluenesulphonamide CH,'C,H4-SOJNH, (1:2) 

Sparingly sol. in cold water ; sol. in dil. NaOH, ale., 
and etiier. On boiling with 20% HCl yields NH4 
o-toluenesulphonate ; with 75% H,S04 yields toluene 
B.P. no®. With K,Fe(CNji4 soln. ^elds o-sulphon- 
amidobenzoic acid M.P. 154®, which on heating 
yields o-sulphobenzoic imide M.P. 220®. 

217® ^-Naphthalenesulphonamide CijH,-S04NHj (2) 

Almost insol. in cold water; sol, in dil. NaOH, 
slightly sol. in ether. On boiling with 20% HCl 
yields NH| j 5 -naphthalenesulphonate. With methyl 
sulphate + dil. NaOH yields dimethyl deriv. M.P. 96®. 
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With (i mol.) benzyl chloride -f NaOH in ale. yields 
benzyl deriv. M.P. 124°. 
o-Sulphobenzoic Imide 

{1:2) ,, 

Almost insol. in water, readily sol. in dil. NaOH or 
NajCOj. Na deriv. {‘ saccharin ’) has intensely sweet 
taste. On boiling with 20% HCl yields NH 4 o-sulpho- 
benzoate M.P. about 175®, which on warming with 
SOClj yields o-sulphobenzoic anhydride M.P. 128®. 
On wanning at 120“ with resorcinol + cone. H2SO4 
yields sulphonfluorescein (forms red sohi, in dil. NaOH 
with green fluorescence). With methyl sulphate + 
dil. NaOH yields methyl deriv. M.P. 131®. With 
benzyl chloride + NaOH in ale. yields benzyl, deriv. 
M.P. 1 18®. ;^-Nitrobenzyl deriv. M.P. 174®. 


SUBSTITUTED SULPHONAMIDES 

SOLID 

M.P. 

103® ^-Toluenesulphonanilide CH3*CeH4*S02'NH-C6H5 (1:4) 
Insol. in water ; sol. in very dil. NaOH and in most 
organic liquids. Na deriv. is slightly sol. in cone. 
NaOH. On boiling with 20% HCl yields /)-toluene- 
sulphonic acid {q.v.) and aniline B.P. 183®. With 
methyl sulphate + dil. NaOH yields methyl deriv. 
M.P. 94®, which on boiling with HCl yields methyl- 
aniline B.P. 1 93®. 

112® Benzenesulphonanilide CeHj'SOj NHCjHj 

Resembles />-Toluenesulphonanilide (above). Methyl 
deriv. M.P. 79®. With benzyl chloride -f NaOH in 
ale. yields benzyl deriv. M.P. 119®. 

THIOAMIDES 
Simple and Substituted 

SOLID 

74® Allylthiourea CHj’.CH’CHj-NH-CS-NHg 

Readily sol. in hot water and in ale. ; insol. in benzene. 
On boiling with cone. NaOH yields Na^S, NHj, and 
allylamine B.P. 53®. Yields Ag^S with ammon. 
AgNO,. With ethyl iodide in ale. forms addition 
product M.P. 72®, With acetyl chloride in acetone 
yields 5 -acetyl deriv. M.P. io3®d., which with NaOH 
yields N-acetyl deriv. M.P. 95®. With bromine in 
ale. yields broraopropylene-f 50 -thioureaHBrM.P. 140®. 
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153° Thiocarbanilide C^Hs-NH-CS-NH-C^H, 

Insol. in water ; sol. in dil. NaOH and in ale. On 
boiling with cone. NaOH yields aniline B.P. 183° and 
Na,S. On boiling with 20% HCl yields phenyl 
i 50 ^ocyanate B.P. 221° (sharp odour) and aniline 
HCl. With methyl sulphate + 15% NaOH yields 
5 -methyl deriv. M.P. 109®. On boiling with HgO 
in ale. yields HgS and earbanilide M.P. 23.8°. 

154® Phenylthiourea CeHj-NH-CSNH, 

Sol. in hot water, in ale., and in dil. NaOH. On 
boiling with cone. NaOH yields NH3, Na ,S, and aniline 
B.P. 183®. On boiling with 20% HCl yields phenyl 
tsothiocyanate B.P. 221® (sharp odour) and NH4CI. 
On heating with aniline yields thiocarbanilide M.P. 
153® and NH,. 

180° Thiourea NH,-CS-NH, 

Sol. in II parte of cold water ; sparingly sol. in ether 
and in cold abs. ale. After melting gives test for 
NH4SCN. On boiling with cone. NaOH yields NHj, 
NaA and NaSCN. With K4Fe(CN)4 + dil. acetic 
acid gives green colour, soon changing to blue. Forms 
addition compd with NH4SCN M.P. 144®. On heat- 
ing with benzyl chloride in dil. ale. yields benzyl- 
wo-thiourea HCl M.P. 174®. On heating with methyl 
sulphate -f water yields methyl-iso-thiourea sulphate 
M.P. 241®, which with NH4OH yields methyl mercap- 
tan B.P. 6® and guanidine sulphate {q.v.). On stand- 
ing with methyl iodide yields methyl-iso-thiourea 
HI M.P. 1 17®. On warming with ethyl sodiomalonate 
in abs. ale. yields thiobarbituric acid M.P, 235®. 

182° Thiosemicarbazide NHj-CS-NH-NHj 

Sol. in water. Hydrochdoride M.P. i88®. On boiling 
with cone. NaOH yields NH,, Na,S, and hydrazine. 
On wanning with acetic anhydride yields acetyl 
deriv. M.P. 165®. With acetone yields isopropylidene 
deriv. M.P. 179®. Benzal deriv. M.P. 159®. With 
2:4-dinitrochlorobenzene yields dinitrophenyl deriv. 
M.P, 2io®d. On warming with methyl iodide in abs^ 
ale. yields addition product M.P. 140®. 

SULPHUR-CONTAINING AMINO ACID 

d.26o° /-Cystine C00H-CH(NH,)-CH,-S-S-CH,-CH(NH3)-C00H 
Almost insol. in water and in dil. acetic acid ; sol. 
in dil. HCl and in NH4OH. Sol. with decomp, in 
dil. NaOH ’or Na,CO, (yielding Na|S). Optically 
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active ; [ajn in ^il. HCl = — 224°. Forms a blue insoL 
Cu salt. With Sn + HCl yields cysteine (sol. in 
water; gives blue colour with FeCl,). WithNaHCO, 
soln -f benzoyl chloride yields benzoyl deriv. M.P. 
180°. ^-Naphtiijalenesulphonyl deriv. M.P. 214®. 

AMINOSULPHONIC ACIDS 

SOLID 

d. MetaniHc NH,-C,H*-SO,H (1:3) 

Decomposes on heating above 300®. Sol. in about 
60 parts of cold water. Yields no quinone on boiling 
with MnOj + dil. H8SO4. With bromine water 
yields sol. di- and tribromo derivs. On heating Na 
salt with NaOH at 280-290® yields m-aminophenol 
M.P. 122°. 

d. Sulphanilic NH2-CeH4-SO,H (1:4) 

Decomposes on heating above 300®. Sol. in about 
170 parts of cold water. On heating Na salt with 
NaOH yields aniline B.P. 183®. With bromine water 
yields 2:4:6-tribromoaniline M.P. 119®. On boiling 
with MnOj + dil. HjS04 yields benzoquinone M.P. 
1 15®. Diazo deriv, is colourless, almost insol. in 
water, explosive when dry. Azo-] 9 -naphthol deriv. 
is an orange dye. On heating with PCI 5 yields 
^-chlorosulphonaniUde of dichlorophosphoric acid 
(POC1 j-NH-C,H4-SOjC1) M.P. 158®. 

d. Naphthionic NHj-CjoHj-SOjH (1:4) 

Chars without melting. Almost insol. in cold water 
and dil. acids, sol. in dil. NaOH, Salts have blue 
fluorescence in soln. On heating with NaOH or on 
boiling with 75% HjS04 yields a-naphthylamine 
M.P. 50®. Diazo deriv. is sol. in water. Azo-jJ- 
naphthol deriv. is a red dye. 

NITROSULPHONIC ACIDS 

SOLID 

48® w-Nitrobenzenesulphonic N0|*C4H4-S0,H (1:3) 

Readily sol. in cold water, less so in cone, HCl. On 
reduction with Sn + HCl yields metanilic acid {q.v.}. 
With PC 1 | yields ctdoride M.P, 60® (yields sulphinic 
acid M.P. 98® with cold NaHSOi soln.). Amide M.P. 
161®. Anilide M.P. 131®, 
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M.P. 

86® 2-Nitrotoluene-4-sulphonic CH3-CeH8{N08)*S08H (1:2:4) 
Resembles w-Nitrobenzenesulphonic acid (above). 
Chloride M.P. 36®. Amide M.P. 144®. Anilide M.P. 
109®. 

133° 4-Nitrotoluene-2-sulphonic CH 8 *C,H 8 (N 08 )*S 03 H (1:4:2) 
Resembles m-Nitrotoluenesuiphonic acid (above), but 
is less sol. Chloride M.P. 44®. Amide M.P. 186®. 
Anilide M.P. 148®. 

THIOCYANATES 

LIQUID 

130® Methyl . CHj-SCN 

D. I *078 (16®). Almost insol. in water. On boiling 
with ale. KOH yields NH3, KCN, K^COj and methyl 
disulphide B.P. no®. With Zn + HCl yields methyl 
Mercaptan B.P. 6® and HCN. 

145® Ethyl CjHj-SCN 

D. 1*015 (15®). Insol. in water. On boiling with 
ale. KOH yields NH3, KCN, K,CO, and ethyl disul- 
phide B.P. 153®. With Zn f HCl yields ethyl mer- 
captan B.P. 36® and HCN. 

182® «-Butyl CH,CH3*CH3CH3SCN 

D. 0*967 (17®). Insol. in water. On boiling with ale. 
KOH yields NH,, KCN, K,CO, and butyl disulphide 
B.P. 234®. With Zn + HCl yields butyl mercaptan 
B.P. 97® and HCN. 

SOLID 

i(.p. 

41® Benzyl 

B.P. 256®. Insol. in water. With HNO3 yields 
benzoic acid M.P. 121® and some benzaldehyde B.P. 
179®. On boding with ale. KOH yields NH„ KCN, 
KjCOj and benzyl disulphide M.P. 71°. Wi^ Zn + 
HCl yields benzyl mercaptan B.P. 194® and HCN. 

JSOTHIOCYANATES 

LIQUID 

150® AUyl CH,:CHCH8*N:CS 

Very sharp odour. D. 1*016 (15®). Slightly sol. in 
water, readily in ale. On long boiling with 20% 
HCl yields COS and allylamine B.P. 53®. On warm- 
ing with NH4OH yields allylthiourea M.P. 74®. On 
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B.P. 

gently warming with aniline yields allyl phenyl- 
thiourea M.P. 98®. 

221° Phenyl CeHj'NiCS 

Sharp odour. D. 1-129 (23®). Insol. in water. On 
warming with NH4OH yields phenylthiourea M.P. 
154®; with aniline yields thiocarbadlide M.P. 153®. 

ARYL PHOSPHATES 

LIQUID 

264® Tri-o-cresyl PO(OC,H4-CH,)3 (1:2) 

/20 mm. Heavy oil, insol. in water. D. 1*192 (19®). With 
HNO3 in acetic acid yields 6-nitro-o-cresol M.P. 69®. 
On heating with KCN yields n-tolunitrile B.P. 204® 
and o-cresol M.P. 31®. 

SOLID 

4Y® Triphenyl 

B.P. 245®/! I mm. On heating with C,HjONa in 
abs. ale. yields pheuetole B.P. 172®; with Ba(OH), 
in ale. yields phenol M.P. 42® and Ba diphenyl- 
phosphate (free acid M.P. 61®). With cone. HjSOi 
+ HNO, yields tri-^-nitro deriv. M.P. 155®. On 
heating with KCN yields benzonitrile B.P. 190® and 
phenol. 

78° Tri-^cresyl PO(OC*H4-CH,), (1:4) 

Resembles Triphenyl Phosphate (above). On heating 
with KCN yields ^-tolunitiile M.P. 29® and />-cresol 

M.P. 35 ^ 

ALKALOIDS 

Alkaloids, in common with many other basic nitrogenous 
substances, yield in general precipitates when aqueous solutions 
of their salts are treated wi& the following general reagents : 
Sodium carbonate : white or yellowish ppte. of free alkaloid. 

Phosphomolybdic acid : white or yellowish ppte. 
Phosphotungstic acid : white or yellowish ppte. 

Platiiiic chloride : light yellow or yellow ppte. 

Auric chloride : yellow ppte. 

Iodine in KI : brown ppte. 

Mercuric iodide in KI : white or yellowish ppte. 

Bismuth iodide in KI : white or yellowish ppte. 

Tannic acid : white or yellowish ppte. 

Picric acid : yellow ppte, often crystalline. 
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ALKALOIDS 


Colours are produced with many alkaloids by the special 
reagents indicated below: 

(I) Concentrated sulphuric acid. 

(II) Concentrated sulphuric acid and subsequent addition of a 
small quantity of finely powdered K,Cr, 0 ,. 

(III) Erdmann’s reagent ; concentrated sulphuric acid contain- 

ing 0*5 % or less of HNO,. 

(IV) Frohde’s reagent : a solution of about i gram of sodium 

or ammonium molybdate in loo c.c. of cone. H2SO4. 

(V) Mandolin’s reagent : a solution of about i gram of sodium 
metavanadate in 100 c.c. of cone. H2SO4. Any other 
convenient vanadate, vanadic oxide, or a vanadic salt 
may be employed for this reagent. 

(VI) The alkaloid is intimately mixed with five times its weight 
of powdered cane sugar and the mass moistened with 
cone. H2SO4. 

The colour reactions of a few of the most common alkaloids 
with the above reagents are set forth in tabular form on the 
opposite page. 

LIQUID 


170® d-Coniine 

Dextrorotatory, [a]}?’ = + 16®. D. 0*862 (o®) 

Fairly sol. in water or CS,, miscible with organic 
liquids. After standing for five minutes with 
alcoholic CS2 the mixture gives a brown ppte with 
CuSO*. Colours phenolphthalein pink in 50% alcohol. 
Gives a white ppte with HgClj. With HCl gas gives 
red colour changing to blue. Hydrochloride M.P. 208®. 
Acetyl deriv. B.P. i25®/i4 mm. Benzoyl deriv. is 
an oil. 

250® Nicotine 

Levorotatory, [a]^ = -- 161®. Miscible with water 
or organic hquids. On warming with cone. HCl 
gives hght violet or brown colour, changed to orange 
with cone. HNO,. On warming one drop with 2 c,c. 
of epichlorohydrin gives red colour. Colours phenol- 
phthalein pink only in presence of water or very dil. 
alcohol. 

SOLID 

M.P. 

57® Quinine (Hydrated). See Quinine M.P. 175°. 

98® Cocaine 

Levorotatory, [a]p* = — 15® (in CHCl,). Sparingly 
sol in water, readly in organic liquids. With KMnO* 



ALKALOIDS 


281 



d d 

V « 

53 

3 


, 

. g^ 2 » 

M 

^ e 1 1 0 w 
greer 
blue. 

ink ; th 
pie, 
slowly 
olourles 
Led. 


>-1 • «D . 

3 w f? mG 


■s §®s 

2 0 0 0 


ill I 
0 


i-t ''C ’^CO 

Tio-S 0*^ .^o 

•.2'^B fe+'„tuO'5^-,lsD 3 

3 ■■ § ^ 'a k'’®' ° ^ O ° ^ a ® I 

ag|«-|°^|g|g 

OPh 0 U U 


if Ji I 

Kl §1 I 

gu uS 2 



ALKALOIDS 


282 

M.P. 

salts give purple ppte. of the permanganate. With 
KjCrO* in presence of HCl gives yellow ppte. On 
warming with cone. HjS04 and CjHjOH yields 
characteristic odour of ethyl benzoate. On hydro- 
lysis yields CHjOH, benzoic acid M.P. 121°, and 
et^onine M.P. I98®d. Hydrochloride M.P. 186®. 
Mercuridhloride M.P. 123°. With aqueous iodine on 
solns. of salts yields periodide M.P. 161®. Methiodide 
M.P. 164®. 

105° Brucine (Hydrated). See Brucine M.P. 178®. 

108® Hyoscyamine (/.Atropine) 

Levorotatory, [a]o = — 21® (in abs. ale.). Spar- 
ingly sol. in Avater, readily in organic liquids. On 
heating yields atropine M.P. 115° partially; com- 
pletely on warming with alcoholic KOH. Gives 
purple colour with cone. HNOj. On warming to 85® 
with acetic anhydride 3delds apoatropine M.P. 60®. 
Platinichloride M.P. 2oo®d. Aurichloride M.P. 165® 
(does not melt under hot water). Picrate M.P. 165®. 

1 15® Atropine (dl. Hyoscyamine) 

Optically inactive. Almost insol. in water, fairly sol. 
in ether or benzene, readily in ale. and CHCI3. On 
evaporating to dryness on watei-bath with fuming 
HNO3, and adding KOH to residue, gives violet 
colour changing to red. On adding aqueous HgClj 
to alcoholic soln. gives yellow ppte. On warming 
to 85° with acetic anhydride yields apoatropine 
M.P. 60®. Hydrochloride M.P. 165®. Hydrobromide 
M.P. 162®. Platinichloride M.P. 207°d. Aurichloride 
M.P. 137® (melts under hot water). Picrate M.P. 175®, 

328® Piperine 

Optically = inactive. Insol. in water, sol. in organic 
liquids. On hydrolysis 3delds piperic acid M.P. 216® 
and piperidine B.P. 105®. Mn. in cone. H,S04 
yellow changing to greenish brown. See Substituted 
Amides. 

346® Cevadine (Hydrated). See Cevadine M.P. 205®. 

347® Papaverine 

Optically inactive. Insol. in water or ether, sparingly 
sol. in benzene or cold ale., sol. in CHCI3. Soln. 
in cone. HjSOi colourless, changing to violet on 
warming. On adding KjCrjO, to soln. in dil, acid, 
yields orange or yellow ppte. of bichromate. With 
bromine water yields bromo deriv. M.P. 144®. Hydro- 
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11.P 

chloride M.P. 220M. Hydrobromide M.P. 213M. 
Platinichloride M.P. 198®. Picrate M.P. i79®d. 

155® Codeine 

Levorotatory, a = — 13® (in alcohol). Fairly sol. 
in water, readily in ale. or CHCl,, insol. in ligroin. 
Gives no colour with FeCL. With HjSOi and then 
adding a crystal of FeSOi gives blue colour. Hydro- 
chloride M.P. 264®. 

1 71® Quinidine 

Dextrorotatory, [a]o = + 274® (in i vol ale. 2 
vols CHCI3). Almost insol. in water, CHCI3, CS3, or 
ligroin, reaefily sol. in ale. or ether. Gives dull ppte. 
with Kl. With small quantit}^ bromine water and 
then adding a few drops H4OH gives green colour. 
Hydrochloride on heating alone gives violet colour 
and violet vapours. Soln. in dil. HjSOi fluoresces 
blue. With Mandelin’a reagent same as Quinine. 

175® Quinine 

Levorotatory, = — 142° (5% in ale.). Sparingly 
sol. in water, sol. in organic liquids. Somewhat sol 
inNHiOH. Soln. of sulphate gives white ppte. with 
NH4, oxalate. Soln. in mixture of acetic acid and 
ale. gives black ppte on warming with ale. iodine. 
With small quantity of bromine water and then 
adding a few drops of NH4OH gives green coloration, 
changed to red on addition of K3Fe(CN)|. Hydro- 
chloride on heating alone assumes violet colour and 
gives off violet vapours. 

176° Narcotine 

Levorotatory in neutral soln., dextrorotatoty in acid 
soln. Almost insol. in water, sol in organic liquids. 
Salts react acid in soln. With cone. HjSO* gives 
green coloration changing to red-brown, dull violet 
on warming. On adding K|Cr,07 to soln. in cone. 
HjS 04 gives brown colour. On warming with cone. 
HjS 04 and adding a drop of FeCli gives red-brown 
colour changing to crimson. Green coloration with 
Fidhde’s reagent. With Erdmann’s reagent gives 
orange yellow colour. With Mandelin’s reagent gives 
orange colour changing to pink. With sugar and cone. 
HjSO* gives brown colour. 

178® Brucine 

Levorotatory, [0]^ = about -- 120® (in CHCI3). Soln. 
in cone. HjSO* pink, slowly clinging to yellow. 
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M^c 

Red colour with cone, HNO„ changing to yellow- 
brotra on evaporating at 100° j residue gives violet 
colour with SnCl,. Gives red colour on wanning 
with soln. of HgNO,. 

205® Cevadine (Veratrine) 

Optically inactive. Insol. in water, sol. in organic 
liquids. Soln. in cone. HiSO* yellow, changing to 
r^ on warming. Soln. in cone. HCl violet, changing 
to red on boiling. On distillation alone yields 
J?-picoline B.P. 143®. Mercurichloride M.P. 172 °d. 
Benzoyl deriv. M.P. 170-180°. 

207° Cinchonidine 

Levorotatory, [a]© = — 108° (in i vol. ale. + 2 vols. 
CHCI3). Almost insol. in water or ether, sol. in ale. 
or CHCI3. Solns. not fluorescent. Gives no colour 
with bromine water and NH4OH. With PCI3 in 
CHCI3 yields chloride M.P. 108°, which with Fe 
filings in dil. H3SO4 yields desoxycinchonidine M.P. 
61°. Acetyl deriv. M.P. 42°. 

230° Morphine 

Levorotatory, [a] pin NaOH = about — 70°. Almost 
insol. in water, cold ale., ether, benzene, or CHCI3. 
Somewhat sol. in hot ethyl or amyl ales. Sol. in 
excess of NaOH, not in NH4OH. Soln. in cone. 
H3SO4 pink, changing to orange ; violet, then brown 
on wanning. Red colour with cone. HNO,, changing 
to yellow on warming. On heating to 100° with cone. 
HjSOi and adding a small cr3rstal of FeS04 gives 
red colour, changing to violet. Solns. of salts liberate 
iodine from HIO3. In presence of dil. acetic acid 
gives blue colour with FeCl„ changing to red on 
warming. Reduces FeCl3 to FeCl*, resulting soln. 
giving blue ppte with K3Fe(CN)3. With a soln. of 
I drop of formalin in i c.c. cone. H3SO4 gives purple 
colour, changing to blue. 

264° Cinchonine 

Dextrorotatory, [a]© = + 229° (0-2% in ale.). 

Almost insol. in cold water or ether, fairly sol. in 
ale. or CHCl, without fluorescence. With a small 
quantity of chlorine water and then, a few drops 
of NH4OH gives light yellow ppte. On adding 
K4Fe(CN)4 to soln. of salts gives yellow ppte. (sol. 
in hot water, crystallising on cooling). Hydro- 
chloride on heating assumes violet colour and evolves 
violet vapours. 
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M.P. 

268® Strychnine 

Levorotatory in ale. Almost insol. in cold water, 
ether, or benzene ; sol. in hot ale. or CHCIj. More 
sol. in aqueous ale. than in either water or absolute 
ale. Dissolves in cone. H,S04 to colourless soln, 
unchanged on warming; soln. gives blue colour, 
changing to red, and finally yellow, on addition of 
I drop of HNO, and a crystal af KjCrjO;. 


EXAMINATION OF DYES 

The qualitative investigation of dyes and colouring matters, 
while not differing essentially from the examination of other 
organic compounds, has nevertheless, been systematised to such 
an extent that it may be stated to resemble in a considerable 
degree the systematic qualitative investigation of inorganic 
substances. 

Before proceeding upon the lines of the scheme developed 
by Rota,^ indicated below, it is advisable to ascertain what 
elements and ionisable metals or acids are present in the pure 
dye. This will then limit the deductions which may be Irawn 
from the systematic investigation. 

In the scheme of Rota, dyes are first divided into two cate- 
gories by the addition of 4 or 5 drops of concentrated hydro- 
chloric acid and a similar amount of a 10% solution of stannous 
chloride upon 5 c.c. of a 0*1% solution of the dye in water 
or aqueous alcohol. Should this solution appear to be decolorised 
owing to reduction, but only incompletely, the solution may be 
warmed nearly to boiling, with further addition, if necessary, of 
stannous chloride. The first category includes all dyes whose 
solutions are decolorised by this reducing agent ; the second in- 
cludes those whose colour in presence of hydrochloric acid per- 
sists after addition of the stannous chloride. 

I. Includes nitro, nitroso, azo, and quinoneimide dyes. 

II. Includes hydroxyquinone and triphenylmethane dyes. 

These two categories are each subdivided into two classes : 

I. To the colourless reduced solution add a few drops of FeCl, 

solution, or shake with air after neutralising with dilute 
alkali. 

Class la. Includes dyes whose reduction products are not 
reoxidised to the original dyes, owing to the 
formation of amines : 

Nitro, Nitroso, and Azo dyes. 

1 Chem. Zeit. (1898), 437, 
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Ib. Includes dyes which form leuco bases by the action 
of stannous chloride and are therefore regener- 
ated on oxidation ; 

Quinoneimide dyes. 

II. To the warm aqueous solution add a few drops of strong 
potash. 

Class Ila. The solution is decolorised, or a turbidity is 
produced : dyes containing basic radicles, such 
as Di- and Triphenylmethane amino dyes, 
Auramines, Acridines, &c. 

Class Ilb. The solution is unaltered in appearance: dyes 
containing acid groups, such as : Diphenylmethane 
and Hydroxyketonic dyes containing no basic 
radicles. 

These classes may be considered independently, information 
as to their nature being obtained from their behaviour towards 
ether in presence of dilute alkali and acid, towards a solution of 
ferric chloride, and towards cotton, silk, and wool fibres. 


Class la. 

(1) Nitro dyes. Yellow or orange in colour ; soluble in water ; 

dye silk and wool direct, but not cotton. On partial 
reduction may yield red nitroamino derivatives. 

{a) Nitroamino dyes. Soluble in ether in presence of 
alkali, insoluble in presence of acid. 

(6) Simple nitrophenolic dyes. Soluble in ether in 
presence of acid, insoluble in presence of alkali. 
{c) Sulphonated nitro dyes. Insoluble in ether under 
all circumstances. 

(2) Nitroso dyes. Brown or green in colour ; many insoluble in 

water ; give Liebermann’s reaction. 

(a) Simple nitroso dyes. Insoluble in water, soluble in 
alcohol. Soluble in ether in presence of acetic acid . 
Ip) Sulphonated nitroso dyes. Soluble in water, insoluble 
in ether under all circumstances. 

(3) Azo dyes. Treat aqueous solution with dilute alkali and 

ether, wash ethereal extract with water, and treat it with 
dilute acetic acid. 

(a) Simple basic aminoazo dyes. Pass into the ether, and 
are removed from it by the acid. 

{b) Simple neutral hydroxyazo dyes. Pass into the ether, 
and are not removed from it by the acid. 

(c) Simple acidic azo dyes (containing carboxyl groups). 
Do not pass into the ether from alkaline solution, 
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but are extracted from solution rendered acid by 
dilute acetic acid. 

(d) Suiphonated azo dyes. Insoluble in ether under all 
circumstances; may be differentiated by their 
behaviour towards nitrous acid. 

Class Ib. 

Render the aqueous solution alkaline, extract with ether, and 
wash the etherei extract with water. 

(1) The ethereal extract,— coloured or colourless,— imparts the 

original colour to 5% acetic acid : Basic dyes ; dye wool 
in alkaline solution. 

(а) Solution readily reduced by addition of HCl and 

SnCl,: 

Oxazines, Thionines (Thiazines). 

(б) Solution reduced with difficulty, — only on warming 

with considerable excess of stannous chloride : 
Indulines (colour-bases precipitated by NH4OH ; 
give blue colour with cone. HjSOi, blue colour 
on dilution). 

Safranines (colour-bases precipitated by KOH, 
not by NH4OH ; give green colour with cone, 
HjS 04, blue then violet on dilution). 

(2) The ethereal extract is coloured, but does not give up its 

colour to 5% acetic acid: Neutral dyes, insoluble in 
water, soluble in alcohol. 

Indophenols (blue ; changed in colour on warming with 
dil. HCl.) 

Indogenides (red or blue; unchanged by HCl; yield 
isatin with HNOs. 

(3) The ethereal extract is colourless, and imparts no colour to 

5% acetic acid ; Acidic dyes ; soluble in water ; dye wool 
in acid solution. 

(а) Oxazones (pass into ether from solution rendered acid 

with acetic acid). 

(б) Suiphonated indogenides and suiphonated thionines 

(readily reduced by HCl and SnCl* ; insoluble in 
ether). 

(c) Suiphonated indulines (reduced by HCl and SnCl* 
with difficulty ; insoluble in ether). 

Class Ila. 

Render aqueous solution alkaline, extract with ether, and 
wash ethereal extract with water. 

(i) The ethereal solution,— coloured or colourless,— imparts the 
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original colour to 5% iacetic acid : Basic dyes ; dye wool 
in solution rendered alkaline with NH4OH. 

(a) Auramines (colourless ethereal solution without 

fluorescence; imparts non-fluorekcent . yellow 
colour to acetic acid. Aqueous solution is de- 
colorised by KOH ; decomposed by HCl). 

(b) Acridines (colourless ethereal solution with green 

fluorescence. Aqueous solution gives a ppte. with 
KOH ; not greatly altered by HCl ; coloured red 
by HNO,). 

(c) Fuchsines (coloured or colourless ethereal solution 

without fluorescence; purple, blue, or green 
colour imparted to acetic acid. Aqueous solution 
decolorised on warming with KOH ; generally 
coloured yellow by HCl). 

{d) Pyronines (colourless ethereal solution without 
fluorescence; imparts pink colour with fluores- 
cence to acetic acid. Aqueous solution decolor- 
ised by KOH ; gives yellow colour with HCl ; 
dyes cotton direct). 

{e) Rhodamines (behave like Pyronines, but unchanged 
by HCl). 

(2) The ethereal solution is coloured, but imparts no colour to 

acetic acid : Neutral dyes ; insoluble in water, soluble in 
alcohol. 

Quinophthalones (ethereal solution yellow without 
fluorescence. Alcoholic solution the same ; un- 
changed by aqueous acid or alkali). 

(3) The ethereal solution is colourless, and imparts no colour 

to acetic acid : Acidic dyes ; mostly soluble in water, 
dye wool in acid solution. 

(а) Sulphonated fuchsines (purple, blue or green in 

colour; decolorised by KOH; barely changed 
by HCl ; do not dye cotton direct). 

(б) Sulphonated rhodamines (red or violet in colour; 

aqueous solutions fluorescent; unchanged by 
KOH ; precipitated by HCl ; do not dye cotton 
direct). 

(c) Sulphonated quinophthalones (yellow colour without 

fluorescence ; unchanged by acid or alkali ; do 
not dye cotton direct). 

(d) Thiazoles (brown-yellow or orange in colour ; some- 

what fluorescent in aqueous solution ; dye cotton 
direct). 
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Gass lib. 

Treat a solution of the dye in alcohol with a few drops of 
a 0*1% solution of ferric chloride. 

(1) The solution remains unchanged : Triphenylmethane dyes 

containing no amino radicles. 

(а) Aurines (mostly insoluble in water; soluble in 

alcohol without fluorescence; solution or sus- 
pension in water does not dye wool direct). 

( б ) Phthaleins (mostly soluble in water or alcohol, often 

with fluorescence ; boiling aqueous solution dyes 
wool direct). 

(2) The solution is coloured greenish : Hydroxyketonic dyes ; 

mostly insoluble in water ; do not dye direct. 

(a) Dissolve in 1% KOH to yellow or orange solution ; 

Monokeione dyes : 

Benzophenones (tend to be decolorised with 
decomposition on acidification with HCl). 
Flavones (give intense yellow colour without 
decomposition with HCl). 

(b) Dissolve in i% KOH with either red, purple, violet, 

blue or g^een colour: Hydroxydiketone dyes 
(hydroxyquinones) ; 

Simple antkraquinones (free dye precipitated 
from alkaline solution by acetic acid ; mostly 
soluble in ether ; do not dye direct). 
Suiphonated antkraquinones (no precipitate on 
acidification of alkaline solution ; insoluble 
in ether ; dye wool direct). 


0 ^. 


u 



CHAPTER V 

QUANTITATIVE DETERMINATION OF CONSTITUENT 
ELEMENTS 

Estimation of Carbon and Hydrogen 

There is only one satisfactory method for the estimation of 
carbon and hydrogen, namely the somewhat tedious process 
of ‘ combustion.’ The principle involved is that of complete 
oxidation of the organic substance, with formation of carbon 
dioxide and water, which are collected separately and weighed. 

The apparatus is arranged thus : 

A is a gas-holder filled with pure oxygen.^ B is a spiral 
wash-bottle containing concentrated sulphuric acid, C is a 
furnace with a combustion-tube, D is a sulphuric acid absorp- 
tion-tube for collecting the moisture, and E is a potash absorp- 
tion-tube for collecting the carbon dioxide. 

The gas-holder consists of two large stoppered vessels, 
connected as shown in Fig. 6. The bottle containing the 
water should be placed in a position two to four feet above 
the level of the water in the bottle containing the gas. By 
this means sufficient pressure is obtained to overcome the 
considerable resistance of the complete apparatus. The gas- 
holder is filled with oxygen by first filling completely with 

^ For the combustion of very volatile organic liquids, pure air 
should be employed in place of oxygen. The air for this purpose is 
purified before entering the gas-holder by passing it through a plug 
of cotton wool, to remove dust, and through concentrated potash, 
to remove carbon dioxide and acid vapours. Liquids should be weighed 
out into a very smaU hard glass stoppered bottle, which is placed in the 
boat in an inclined position so that the liquid cannot escape except 
by volatilisation, the stopper being removed from the bottle and 
placed in the boat only on tiie insertion of the boat into the combustion- 
tube. 
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water, attaching a closed tube containing dry potassium 
permanganate to the upper tap, opening the lower tap so as 
to allow the excess of water to escape, and heating tie per- 
manganate tube (the contents of which should be held in 
position by a plug of glass wool) with a Bunsen burner passed 
to and fro so that the water escapes in a gentle stream. Pure 
oxygen from a cylinder, should this be available, may however 
be employed with considerable saving of time. When the 
gas-holder is full of oxygen, the perman- 
ganate tube is removed, and the appar- 
atus again fitted up as shown in Fig. 7, 
after shaking the gas with aqueous soda 
in order to remove any carbon dioxide 
which may be present. 

The form of wash-bottle shown in 
Fig. 7 is the most suitable, since it 
affords a large surface for drying a rapid 
stream of gas-bubbles, il^chardson's 
bubbler may also be employed, but the 
oxygen is not dried so efficiently by 
this as by the above apparatus. 

The drying-bottle is attached to the 
combustion-tube by a glass tube fitted 
with an indiarubber stopper and an 
india-rubber tube on which is fixed a 
Fig. 7. screw clamp to regulate the rate of the 

stream of oxygen. 

The combustion-tube is charged with copper oxide, a.‘ 
indicated in Fig. 8. When organic halogen compounds art 
to be analysed, it is necessary to place a spiral of silver gauzt 
at the further end, in order to decompose any halogen com 
pound or to absorb any free halogen which may be present 
The copper oxide spiral behind the boat serves two purposes 
firstly to minimise the back-diffusion of vapours, and secondl; 
to decompose any vapours which may have thus diffused 
When organic sulphur compounds are to be analysed, th 
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copper oxide must be mixed with granular, fused lead 
chromate. This has the effect of oxidising any sulphur 
dioxide to sulphuric acid, which is then converted into lead 
sulphate. The copper oxide, prepared by heating small 
pieces of copper wire in air or in oxygen, may be purchased 
ready for use. The copper oxide spirals can readily be 
prepared by rolling a suitable strip of copper gauze around 
a stout copper wire and oxidising the complete spiral in a 
Bunsen or blowpipe flame. 

The furnace consists essentially of a series of Bunsen 
flames impinging upon the iron trough lined with asbestos 
which serves as the bed for the combustion-tube. Each 
burner is so constructed that its air and gas supply can be 
independently regulated. Above the tube a row of fireclay 
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Fig. 8. 

tiles, to serve as muffles, are arranged so as to regulate the 
temperature of the various parts ol ttie tube. 

T\ie combustiou-tube sbo^Abe oi a paibcuiaT'iQnd oibard 
glass of resistant nature, the internal diameter being approxi- 
mately 10 mm. The sharp ends of the tube should be 
rounded by gently heating in the blowpipe flame, avoiding 
any deformation in this operation. The corks at the ends 
should be of indiarubber, and should fit accurately into the 
tube, so that no moisture can find its way between the cork 
and the glass. 

The absorption apparatus is depicted in Fig. 9, The best 
form of water-absorbing apparatus is a Travers tube charged 
with pumice moistened with concentrated sulphuric add. 
The water condensed in the first part of the tube is retained in 
the bulb so that it does not enter the add. The*trap, charged 
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with sulphuric acid, indicates the rate at which the gases are 
passing through the absorption apparatus. The apparatus 
for the absorption of carbon dioxide is to be charged with a 
50 per cent, solution of pure potassium hydroxide, drawing this 
up by suction by means of an indiarubber tube of sufficient 
length attached to the joint to which the soda-lime tube is 
afterwards affi^ced. The inner surfaces of the tubes of both 
portions of the absorption apparatus should, after filling, 



Fig. 9. 


be dried with small rolls of filter paper. The potash should 
be renewed after at most two grams of carbon dioxide 
has been absorbed, and the sulphuric acid after every twenty 
combustions. It is well to attach a soda-lime tube to the 
apparatus wh^ in use, in order to prevent the absorption 
of any acid vapours from the atmosphere. The connection 
between the sulphuric acid and potash bulbs should be made 
with pressure-tubing, since the common thin indiarubber 
tubing permits the leakage of carbon dioxide. 

After charging the combustion tube, it should be thoroughly 
burnt out in a slow stream of oxygen by raising the tern- 
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perature gradually* to a dull red heat and allowing it to 
remain thus for an hour with all tiles in position. Any 
impurities are in this way oxidis^ and removed. After this 
operation a calcium chloride tube should be placed in the 
further end of the combustion-tube to keep out moisture, and 
the first half of the tube allowed to cool by extinguishing the 
appropriate burners and removing the tiles above the portion 
to be cooled. In the meantime a stream of pure dry oxygen 
should be passed through the absorption apparatus until a 
glowing splinter rekindles freely when placed in the issuing 
stream of gas. Since oxygen is dissolved in appreciable 
quantities by strong potash solution, it \s necessary, not only 
to replace the air by oxygen, but also to saturate the potash 
therewith in advance. 

The tubes are then removed, closed by means of pieces of 
glass rod inserted in pressure-tubing, carefully wiped free 
from dust and moisture by means of a silk cloth, and allowed 
to stand beside the balance for twenty minutes before weigh- 
ing. This is necessary, since glass surfaces dlmys acquire, 
on standing, a film of moisture of constant weight, and it is 
therefore important always to weigh the bulbs under com- 
parable conditions. The sulphuric acid tube is weighed, after 
removing the caps of pressure-tubing and glass rod, by 
suspending the wire upon the hook of the balance. The 
potash bulb may be weighed, also without the caps, directly 
upon the pan. If the weighings are carried out expeditiously, 
no appreciable loss of weight will occur through escape of 
oxygen by diffusion. The substance— o*o8 gram to 0*15 gram— 
is weight out into the boat, which should rest directly on 
the balance-pan. 

The absorption apparatus is then connected with the 
combustion-tube as shown in Fig. 9, care being taken that 
the inner face of the cork should be flush with the end of the 
sulphuric add tube, and that the tubes of the two members 
of the absorption apparatus should meet inside the con- 
necting pressure-tubing. The silver and copper oxide spirals 
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are thereupon withdrawn by means of a long hooked wire, the 
oxygen supply tube and cork being momentarily removed, and 
the boat containing the weighed amount of sul^tance inserted 
as far as possible into the combustion-tube. The spirals and 
the oxygen supply tube are then replaced and the stream of 
oxygen regulated so that it passes through the trap on the 
sulphuric acid tube at a rate of about one bubble per second. 

The burners directly below the spirals are then lighted, 
and the tiles placed in position above them. The remaining 
burners may be successively turned on at intervals, pro- 
ceeding from those already Wning under the copper oxide, 
until the boat is sufficiently hot to have given up all the 
substance as vapour, or until the substance has completely 
carbonised. The intervals at which these burners are lighted 
should be carefully judged. Until experience in this portion 
of the operation has been acquired, it is advisable to proceed 
slowly, as any sudden rush of vapour, which might lead to 
imperfect combustion, is to be avoided. 

When the volatilisation or carbonisation of the contents 
of the boat is complete, the entire tube should be heated 
nearly to dull redness, and the operation continued for at 
least twenty minutes after the last trace of substance has 
disappeared from the boat. The period at which carbon 
dioxide ceases to be present in the gases passing through the 
potash bulb can be detected by observing when the potash is 
no longer drawn up the tubes in the bulb during the intervals 
between the emission of bubbles of oxygen. Any water 
present in the unheated end of the tube is to be driven over 
by gentle warming with a small luminous flame or by applying 
a warm tile to the affected portion. 

When all the carbon dioxide and water have been collected 
in the absorption apparatus, and the system contains only 
pure oxygen, the sulphuric add tube and potash bulb are 
carefully removed, stoppered as before, and weighed again 
after standing for twenty minutes at the temperature of the 
balance-case. On removing the absorption apparatus, a 
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calcium chloride tube is fitted at the further end of the com- 
bustion-tube by means of an indiarubber tube, and the stream 
of oxygen interrupted. Further combustions may be carried 
out aiter allowing the first part of the tube, containing the 
spirals and the boat, to cool completely. 

The percentages of carbon and hydrogen in the substance 
may be calculated from the formulae : 


Percentage of C = 
Percentage of H = 


Weight of CO, 300 

Weight of substance ^ ii 
Weight of HtO 100 


X- 


Weight of substance 9 


Estimation of Nitrogen 

The two chief methods for the estimation of nitrogen 
are those due to Dumas and to Kjeldahl. The Dumas 
method, while being the more complicated, is applicable 
to every type of organic nitrogen compound ; the Kjeldahl 
method, on the other hand, can be employed with cer- 
tainty only for those types of compound in which the 
nitrogen exists in a non-oxidised form : that is to say, the 
analysis by this method of nitro and nitroso compounds, 
as well as of most hydrazo, azo, and azoxy compounds, is 
not to be recommended. Furthermore, cyclic nitrogen com- 
pounds, such as pyridine, cannot be analysed by the Kjel- 
dahl method. The Kjeldahl method is chiefly applicable 
to the estimation of nitrogen in natural and industrial pro- 
ducts, although the content of nitrogen in pure organic com- 
pounds may thus be estimated with a fair degree of accuracy, 
(i) The Dumas Me(hod,—V[it principle of this process is 
based upon the fact that nitrogenous compounds when heated 
with copper oxide in presence of carbon dioxide yield nitrogen 
in the elementary form, in some cases together with traces 
of oxides of nitrogen. 

The apparatus consists of a combustion-tube of about 
90 cm. in length, closed at one end, which is heated in a com- 
bustion furnace, and of a graduated tube filled with a con- 
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centrated potash solution for the collection of the nitrogen. 

The tube is filled as shown in Fig. 10. A column of pure 
dry magnesite, 15 cm. in length, is first introduced into the 
tube, then a short plug of clean asbestos. Upon this is 
poured a 10 cm. column of coarse copper oxide, then 3 cm. of 
pure fine copper oxide, followed by 15 cm. of the fine copper 
oxide with which a weighed amount (o*i gram to 0*5 gram, 
according to the anticipated percentage of nitrogen) of the 
substance has been intimately mixed upon a glazed paper. 
Upon this 5 cm. of fine copper oxide, and subsequently 25 cm. 
of coarse copper oxide are placed. Care must be taken that 
these layers are not so closely packed as to prevent the passage 
of gas. Finally, a second asbestos plug, and a copper spiral, 
10 to 15 mm. in length, are inserted. The spiral must be 



carefully reduced, previous to introduction, by plunging 
it, while still hot from a Bunsen flame, into a test-tube 
containing a wad of cotton-wool well soaked in methyl 
alcohol. The purpose of this copper spiral is to reduce any 
oxides of nitrogen which may be produced, nitrogen and 
copper oxide being formed. 

An alternative arrangement is to employ a combustion- 
tube open at both ends, pure carbon dioxide being passed 
into the combustion-tube in the same way as the oxygen 
in the apparatus for determination of carbon and hydrogen. 
The carbon dioxide is prepared by heating a hard glass tube 
containing magnesite or sodium bicarbonate, or by the action 
of hydrochloric acid on calcite in a Kipp’s apparatus. 

It is advisable to insert some form of trap to prevent any 
drops of moisture arising from the decomposition of the 
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carbonate from passing into the heated tube. The disposal 
of the remaining piaterials within the combustion-tube is 
identical in the two cases. 

The apparatus is then fitted up as shown in Fig. ii, the 
furnace being inclined slightly so as to allow any moisture to 
run towards the end of the tube from which the gases are 
emitted. The other end of the tube should project about 
7 cm. beyond the furnace. 

The form of azotometer commonly employed is that 
devised by Schiff. This apparatus is charged with sufiicient 
• □ concentrated potassium hydroxide solu- 
Y cause the column to be completely 

T filled on raising the reservoir. It should 

I not be so full as to allow the liquid to 



Fig. II. 


escape on lowering the reservoir to the level of the base of 
the azotometer. It is, however, necessary at first to place 
in the bottom of the azotometer sufficient mercury to form 
a trap which prevents the potash from coming into direct 
contact with the carbon dioxide. Pressure-tubing should be 
employed for all india-rubber connections. 

The first operation is to heat the extreme projecting end 
of the tube, which contains the carbonate, gently with a 
Bunsen burner passed to and fro, in order to cause a rapid 
stream of carbon dioxide to drive out all air from the tube. 
When an external generator is employed, the bulk of the air 
may be swept out with carbon dioxide from a Kipp apparatus 
before employing the pure gas from the generator. During 
the first part of this procedure it is advisable to open the 
st(^ock of the azotometer, and to lower the reservoir so that 
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the smallest possible column of potash solution is affected 
by the stream of carbon dioxide. When all the bubbles of 
gas appear to be completely absorbed during their passage 
through the potash, the reservoir is raised, and the stop-cock 
closed upon the surface of the liquid. As soon as practically no 
more unabsorbed gas is found to rise to the top of the azoto- 
meter,^ the potash solution is driven, by raising the reservoir 
and opening the stop^ck, into the narrow dehvery tube so 
as to expel all gas from it. The stop-cock is then closed, 
and the reservoir lowered to its fullest extent. 

The burners in the furnace under the copper spiral and the 
coarse copper oxide, as well as those under the coarse copper 
oxide nearest to the carbonate, are now to be lighted, and the 
tiles placed above them. It will at this stage be unnecessary 
to heat the magnesite with the Bunsen burner unless the 
stream of bubbles entering the azotometer should become too 
slow. It is advisable to regulate the stream of carbon dioxide 
so that either two or three bubbles should be present in the 
column of potash simultaneously. 

After the coarse copper oxide and the spiral have attained a 
dull red heat, the burners may gradually be lighted, proceeding 
from those under the coarse copper oxide towards those under 
the magnesite, placing the tiles in position above the burners 
as they are lighted. 

When all the burners are alight, it is to be observed whether 
the volume of nitrogen still increases, and when but few 
bubbles pass through the potash unabsorbed, a rapid stream 
of carbon dioxide is again passed through the apparatus by 
heating the projecting end of the tube. By this means all 
the nitrogen is driven into the azotometer. 

^ In practice it is found that absolutely complete absorption is 
never reached, a fine froth of unabsorbed gas always coUecting slowly 
at the head of the column. The volume of this obtained during 
a combustion is usually equivalent to about 0*3 % of nitrogen on a 
0*2 gram sample, leading to a correspondingly Mgh analytic^ result. 
The gas has been shown experimentally to consist of carbon monoxide, 
formed by the action of the hot copper spiral upon the carbon dioxide, 
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When the combustion is thus completed, the indiarubber 
connecting tube is closed by means of a screw-clamp, the 
tube and cork expeditiously removed from the combustion- 
tube, and the furnace extinguished. The reservoir is then 
raised as high as possible, and the apparatus allowed to stand 
for five minutes in order that the last traces of carbon dioxide 
may be absorbed. After disconnecting the azotometer and 
extinguishing the furnace, a slow stream of the gas is passed 
through the combustion-tube until it is cold, in order to 
prevent the copper spiral from becoming oxidised by air. 

The gas in the azotometer may then be transferred to a 
graduated tube by opening the stop-cock and driving it over 
by raising the reservoir. This is performed by filling the cup 
at the top of the azotometer with water so that the surface of 
the water is above the level of the end of the capillary delivery 
tube, which should contain no bubbles of air. The graduated 
tube, completely full of water, is closed by the finger and 
placed in the water in the cup in such a position that the end 
of the capillary tube enters the mouth of the graduated tube. 
The nitrogen expelled from the azotometer by raising the 
reservoir and opening the stop-cock is thus collected in a 
graduated tube. This is then transferred, after closing the 
open end with the finger, to a long glass cylinder containing 
cold water, clamped in position, and allowed to stand for 
twenty minutes in order to acquire the room temperature. 

The volume of the gas is read off after adjusting the 
position of the graduated tube so that the level of the water 
within the tube is identical with that of the water outside it. 
It is necessary to observe the barometric pressure at the time 
of reading, as well as the temperature of the water in the 
cylinder, the temperature of the gas being taken as that of the 
water with which it is in contact. 

The percentage of nitrogen may be calculated from the 
formula : 


100 

T 




0-0012507 
760(1 + 0-003665-^ 
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where S is the weight in grams of the substance taken, V 
the observed volume of nitrogen, B the barometric pressure in 
mm. of mercury, and p the vapour-pressure of water at the 
temperature U 

The following table gives the mantissae of the logarithms 
of the expression 

0*0012507 
760(1 + 0*003665./) 
for temperatures between 10® and 25° : 


i 

10^ 

0200707 

t 

14° 

0*194606 

I8® 

0*188595 

22® 

0*182662 

no 

0*199172 

15° 

0*193097 

19® 

0*187107 

23® 

0*181195 

12“ 

0*197647 

16“ 

0*191594 

20® 

0*185618 

24® 

0*179723 

13® 

0‘I96i28 

»7“ 

0*190087 

21® 

0*185040 

25® 

0*178266 


The characteristic of these logarithms is — 6. 


The following table gives in mm. of mercury the vapour- 
pressure of water at temperatures between 10® and 25° : 






i 




10® 

9*165 

14" 

11*908 

18® 

15*357 

22® 

19*659 

II® 

9.792 


12*699 

19® 

16*346 

23® 

20*888 

12® 

10*457 

16® 

13-536 

20® 

17*391 


22*184 

13*’ 

11*162 

17^ 

14*421 

21® 

18*495 

25^ 

23*550 


Should it be desired to read the volume of the gas directly 
upon the azotometer scale, 50 per cent, potash should be em- 
ployed, in which case the vapour-pressure of the liquid is 
negligibly small. The levels of the liquid in the reservoir 
and in the column should of course coincide, and a full hour 
should be allowed for the gas to attain the room-tempera- 
ture. This method of reading is, however, not to be recom- 
mended for accurate work, as it is impossible to avoid the 
formation of froth upon the surface of the potash. 

The analysis of certain compounds,— notably those in which 
an alicyclic group is directly attached to a nitrogen atom,— 
sometimes leads to incorrect results, these being due to an 
excessive volume of gas collected in the azotometer. In such 
cases the error is ascribable to the formation of methane, 
which, in the absence of oxygen, is but incompletely destroyed 
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by ^he hot copper oxide. In order to obviate this difficulty, 
the granular copper oxide should be replaced by fused lead 
chromate, and the substance, before mixing with the fine 
copper oxide, mixed with three to four times its bulk of 
coarsely-powdered lead chromate or freshly-precipitated 
cuprous chloride. Under these circumstances no methane 
passes with the nitrogen into the azotometer. 

A serious source of error is introduced by the incomplete 
reduction of nitric oxide to nitrogen when the column of hot 
reduced copper is too short. On the other hand, if this be 
made sufficiently long to effect this reduction, the carbon 
dioxide is partially reduced to carbon monoxide. Further 
errors may be caused by the evolution of gases occluded in 
the copper oxide and copper if the preliminary heating has 
not been carried out for a sufficient length of time. On 
account of these defects the Dumas method is inapplicable 
where results of high accuracy are desired. With practice, 
however, conditions may be chosen such that the total errors 
balance one another sufficiently well to yield fairly reliable 
analytical figures. 

(2) The Kjeldahl This process depends upon the 

fact that the majority of organic nitrogen compounds in 
which the nitrogen exists in a non-oxidised form, when 
heated with concentrated sulphuric acid, are completely 
destroyed, with formation of ammonium sulphate. 

Exceptions to this rule have been cited above, but it 
is to be noticed that compounds containing methyl groups 
directly attached to nitrogen are seldom completely decom- 
posed, appreciable quantities of methylamines being present 
with the ammonia. This gives rise, however, to no inaccuracy 
in the determination, since the methylamines are strong 
bases, and may be distilled over entirely from a boiling 
alkaline solution. 

A weighed quantity— 0*2 gram to i-o gram, according to 
the anticipated percentage of nitrogen— of the finely-powdered 
pure substance is placed with about 0*2 gram of crystallised 
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copper sulphate and about 5 grams of pure add potassium 
sulphate in a long-necked, round-bottomed Jena flask of 
300 cx. capacity, and 25 c.c. of pure concentrated sulphuric 
add is added from a pipette. The flask, loosely stoppered 
by a glass bulb, as shown in Fig. 12 is then heated nearly 
to boding in an incHned position upon a sand-bath—or upon 
a tripod over a small free flame which does not come into 
actual contact with the flask itself—until all initial decompo- 
sition is complete. This may be re- 
garded as having taken place when 
active evolution of sulphur dioxide has 
ceased and the liquid has acquired a 
uniform brown colour, no unattacked 
lumps of substance remaining in the 
liquid. Some fifteen minutes' heating 
will be required. This must be carried 
out under a good hood, or other pro- 
vision made to lead off the large volume 
of sulphur dioxide which is evolved. 

The flame is now raised and the 
acid heated to gentle boihng until the 
colour has entirely disappeared ; this 
requires 1-3 hours. The presence of 
the acid potassium sulphate permits a 
higher temperature to be attained than 
would be the case were sulphuric acid 
employed alone. The oxidation may 
also be effected with the addition of a globule of mercury as 
an oxygen-carrier. 

When the oxidation is complete, the flask is allowed to 
cool, the contents diluted with about 100 c.c. of distilled 
water, and the solution, after cooling, carefully washed into 
a round-bottomed flask of at least one htre capacity, diluting 
with pure water to about 300 c.c. Some pieces of porous 
earthenware, or a small quantity of finest pure zinc filings 
(zinc dust cannot be employed for this purpose as it is liable 
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tisQpntain nitrogenous impurities), are added in order to 
induce r^ular ebullition. 

A distinct excess—ioo c.c. for every 25 c.c. of sulphuric 
acid originally employed — of a 40 per cent, solution of pure 
sodium hydroxide is then carefully poured down the side of 
the flask, so that it forms a separate layer below the dilute 
acid solution. By this manner of adding the alkali no 
ammonia can escape until the contents of the ^ask are 
mixed by agitation. 

The flask is then fitted to a verti- 
cal condenser, the lower end of which 
just dips below the surface of a deci- 
normal solution of sulphuric acid of 
known volume, sufficient to neutrahse 
rather more than the anticipated 
amount of ammonia. A Kjeldahl trap 
should be interposed between the flask 
and the condenser, in order to prevent 
any alkahne solution which may be 
splashed up from the boiling liquid from 
reaching the contents of the receiver. 

The liquid in the round-bottomed 
flask is then mixed by gentle shaking 
and heated; cautiously at first, to 
avoid too rapid an evolution of am- 
monia, and vigorously after a few minutes. Heating should 
be continued until the volume of liquid is reduced by at least 
one-third. It is well to add a few drops of methyl-orange 
solution to the standard acid before be^nning the distilla- 
tion, so that more acid can be at once added should at any 
time the contents of the receiver become alkaline. 

At the completion of the distillation the receiver is lowered 
from the end of the condenser and the heating discontinued. 
The excess of standard acid remaining is determined by 
running in standard alkali from a burette until the methyl- 
orange indicates an alkaline reaction, finally determining 
O.A. X 
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the end-point accurately by titration with standard 

It is essential to carry out a blank experiment, using 
exactly the same quantities of the different reagents under 
precisdy the same conditions, as any of the materials enumer- 
ated above may be contaminated with ammonia. The volume 
of standard acid neutralised in the blank experiment is 
deducted from the volume of acid neutralised in the actual 
determination. 

The percentage of nitrogen in the substance may be 
calculated from the formula : 


Numbe r of gram-equivalents of ammonia 
Weight of substance 


X 1400 


Estimation of Halogens 

The chief methods for the estimation of the halogens 
are that of fusion with potash, — ^that due to Piria and SchifE, 
—and, of widest scope, that devised by Carius. 

The Carius method is applicable to practic^y all types of 
organic halogen compounds, and gives excellent results. It 
requires however considerable time, and involves the use of 
a sealed tube. 

The Piria and Schiff method can be employed only when 
the substance is not highly volatile. This restriction applies 
likewise to the method by fusion with potash. 

For the estimation of iodine, the method of Seeker and 
Mathewson is especially recommended. 

(i) The Carius Method,— The only chlorine and bromine 
compounds which fail to give good results by this method 
are the highly hdogenated aromatic derivatives, such as 
hexachlorobenzene. Iodine compounds often give unreliable 
results, since silver iodide is appreciably soluble in a nitric 
acid solution of silver nitrate. Free iodine is moreover 
formed in some instances. 

About 0*1 gram to 0*3 gram of the substance is weighed out 
into a small glass tube sealed at one end, this being allowed 
to slide toThe bottom of a bomb-tube of about 50 cm. length 



ESTIMATION OF HALOGENS 


307 

contains from 3 to 4 grams of fuming nitric acid and a 
slight excess of finely-powdered pure silver nitrate over that 
necessary for the anticipated result. 

Without allowing the nitric acid to come into contact with 
the substance in the small tube, the bomb-tube is sealed, 
carefully annealed in the luminous flame, and when cold 
wrapped in paper and placed in an inclined position in the 
bomb-furnace. Care must be taken when sealing the tube 
that the walls at the constriction are of sufficient thickness 
to withstand the high pressure subsequently developed. 

The temperature is raised graduaUy to 300°, or Mgher if 
possible, and the tube heated for at least six hours. 

When cold, the tube is opened, while still in the furnace, 
by heating the capillary end of the constriction with a Bunsen 
flame. This softens the glass so that the pressure in the tube 
blows open a small hole through which the gases escape. The 
tube is then removed from the furnace and the end cut off by 
scratching around the top of the tube with a sharp file or 
glass-knife and applying a small piece of red-hot glass to the 
mark, care being taken that no broken glass falls into the tube. 
The silver halide is completely washed out with distilled water, 
boiled with water to remove any silver nitrate enclosed within 
the precipitate, collected on a weighed Gooch crucible, gently 
ignited, and weighed after being allowed to cool in a desiccator. 
It is advisable, when estimating chlorine^o dissolve the silver 
chloride in strong ammonia, filter, and reprecipitate by the 
addition of nitric acid before finally collecting on a Gooch 
crucible. Silver bromide, though less soluble in ammonia 
than the chloride, should, whenever possible, be purified in 
this way before collection on the Gooch crucible. This pre- 
caution serves the double purpose of removing any minute 
glass splinters and freeing the precipitate from...^l6sed 
particles of silver nitrate. 

(2) Fusim wi^ Potash .— method is chiefly employed 
for the analysis of fairly stable and n(Mi-volatile solids in which 
it is deski to estimate both halogen and sulphur simul- 
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taneously. It is however applicable to compounds contaio^:^ 
either halogen or sulphur alone, and gives good results. 

A weighed amount of the substance (o*i to 0*5 gram) is 
mixed in a nickel or silver crucible with about 10 grams of 
pure powdered potassium hydroxide and 5 grams of sodium 
peroxide, and the crucible heated in an air-bath at 80° for an 
hour. It is then gently heated over a small flame until the 
mass has melted to a thin liquid, whereupon the heating is 
discontinued, and the cooled melt dissolved in water. 

After acidifying the solution with nitric acid in the cold, 
the halogen should first be precipitated by adding an excess 
of aqueous silver nitrate and filtering off the precipitate on 
a Gooch crucible. An excess of hydrochloric acid is added 
to the filtrate and the liquid filtered free of silver chloride. 
The filtrate is then boiled in order to drive off the bulk of 
the nitric acid, and to the boiling solution, which should be 
rendered distinctly acid with hydrochloric acid, an excess of 
hot barium chloride solution is added, and the barium 
sulphate filtered off when cool on a Gooch crucible, ignited 
and weighed. 

(3) The Method of Piria and Schiff . — This method is 
applicable to all organic substances except those which 
are highly volatile. In the case of 
liquids it is advisable to analyse in 
this way only those which combine 
directly with lime or sodium carbonate. 

About o-i gram to 0*3 gram of the 
substance is weighed out into a small 
platinum crucible, and the remainder 
of the vessel completely filled with an 
intimate mixture of one part of pure dry sodium carbonate 
and four parts of calcium oxide. The crucible is placed in 
an inverted position in a larger crucible, which is then filled 
with the same mixture, so that the smaller crucible is com- 
pletely covered. 

The crucible is heated in a large Bunsen or blow-pipe 
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|arae, so that the outer portions attain a high temperature 
bS!5re the substance in the inner crucible begins to decompose. 
The whole is finally heated to redness, and the mixture treated 
with water when cold. The solution is thereupon rendered 
acid with nitric acid, care being taken that the temperature 
does not rise to any great extent. After filtering the cold 
solution, a slight excess of aqueous silver nitrate is added, the 
mixture warmed, and the silver halide collected on a weighed 
Gooch crucible, washed, gently ignited, and weighed as before. 

When the substance contains iodine, sodium carbonate 
alone should be employed, as calcium iodate, which would be 
formed were lime present, is extremely soluble in water. After 
acidifying, any iodine which has separated is converted to 
iodide by adding the minimum quantity of sulphurous acid, 
and the hydrioic acid precipitateu and weighed as silver 
iodide. 

(4) The Method of Stepanow. —TUs method is applicable 
to all types of organic halogen compound, including those of 
the aromatic series, though failures have been reported with 
compounds containing nitro groups. It depends on the 
reducing action of sodium in absolute alcohol and upon the 
action of sodium ethoxide upon organically combined halogens. 

A weighed sample of the substance (about 0*5 gram) is 
dissolved in 20-40 c.c. of absolute alcohol in a flask fitted 
with a reflux condenser. To the boiling solution is gradually 
added metallic sodium (cut into dean strips) amounting to 
25-50 times the quantity calculated from the equation : 

R.C 1 (Br or I) + C^H^OH + 2Na = RH + NaCl + C,H,ONa 

and based upon the anticipated halogen-content of the 
substance. TOen all has been added, the mixture is 
heated with a free flame until all the sodium has reacted. 
The mixture is then allowed to cool, is diluted with water, 
filtered if necessary, addified with dilute nitric acid, and 
titrated by the Volhard method. 

(5) The Method of Robertson (/. C. S. 1915, 902).— The 



310 


ORGANIC ANALYSIS 


halogen compound is heated with sulphuric and chromic 
and a slow current of dry air bubbled through the solutiwi. 
The halogen and halogen acid evolved are absorbed in alkaline 
hydrogen peroxide. After the reaction is complete, the 
alkaline solution is heated to boiling, cooled, acidified with 
nitric acid and halogen estimated by Volhard’s method. 

(6) Estimation of Iodine . — ^This method, devised by Seeker 
and Mathewson, is applicable to the estimation of iodine in 
organic compounds in which chlorine or bromine may also be 
present. The principle is based on the formation of iodic 
acid on boiling with potassium permanganate and nitric 
acid, chlorine and bromine being volatilised and thus removed. 

For substances of an acidic nature the procedure is as 
follows : to a weighed quantity {0-3 gram to 0*5 gram) of the 
substance is added 5 c.c. of a 10 per cent, solution of caustic 
soda and 35 c.c. of a 7 per cent, solution of potassium per- 
manganate. The porcelain beaker containing this mixture 
is then covered with a watch-glass, and 10 c.c. of concentrated 
nitric acid added from a pipette, the point of which is inserted 
below the covering glass. The resulting mixture is agitated 
and warmed on the water-bath until spattering ceases, 
after which the watch-glass is removed, and the solution 
evaporated to dr5mess, care being taken to prevent the access 
of any reducing gases to the mixture. The residue is again 
treated with 5 c.c. of concentrated nitric acid and 5 c.c. of 
the 7 per cent, permanganate solution, and the mixture 
evaporated to dryness. 

The residue is then treated with about 50 c.c. of distilled 
water and 5 c.c. of concentrated nitric acid, followed by 40 c.c. 
of a saturated aqueous solution of sulphurous acid— solution 
being assisted by breaking up any lumps with a glass rod. An 
excess of silver nitrate is added to the clear solution, the mix- 
ture boiled in order to expel excess of sulphurous acid, and the 
precipitate of silver iodide filtered off, ignited, and weighed. 

When the substance is not of an acidic nature, and con- 
tains no halogen other than iodine, it may be decomposed by 
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OTlonged treatment with alcoholic potash, and the silver 
iodfde precipitated after distilling off the bulk of the alcohol 
and acidifying with dilute nitric acid. This method is 
of course applicable only to organic derivatives of iodine 
which are not highly volatile and in which this element is 
readily removed by alkali. Should chlorine or bromine be 
present, the residue after complete evaporation of the alcohol 
may be treated with permanganate and nitric acid as above. 

When the substance contains iodine which cannot be 
removed by alkali, as in the case of aryl iodides, it may be 
boiled under reflux with the mixture of potassium perman- 
ganate and nitric acid, this treatment being continued for at 
least two hours after decomposition is apparently complete. 
The mixture is finally evaporated to dryness, the residue dis- 
solved in a mixture of dilute nitric acid and sulphurous acid, 
and the silver iodide precipitated in the manner described. 

The results obtained by this, as by other methods for the 
estimation of iodine in organic compounds, may be some- 
what low— as much as i per cent, in some instances. 

Estimation of Sulphur 

The two important methods for the estimation of sulphur 
are that devised by Carius, and that of fusion with potash. 
The fusion method has already been described in connection 
with the estimation of halogens. The method of Piria and 
Schiff may also be employed, by adding to the sodium 
carbonate a mixture of one part of potassium chlorate 
and eight parts of sodium nitrate. This last method is 
however liable to lead to explosions, and is therefore not 
recommended. 

The Carius Method,— The principle is essentially the same 
as that for the estimation of halogen. 

In many cases a considerable amount of gas is evolved, 
and e3q)losions are liable to occur. In view of this fact, it is 
occasionally advisable to heat the tube only to 200 , allow it 
to cool, open it to allow the gases to escape, and then to seal 
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it up again and heat to 300^. In opening, the end must 
be gently heated so as to drive any liquid there collected Jmk 
into the main body of the bomb-tube, and the tip finally 
strongly heated so as to allow the pressure of gas to force open 
a small hole in the capillary. After cutting off the end of the 
tube, the contents are washed out, filtered, and the sulphuric 
acid precipitated as barium sulphate. 

Many sulphur compounds, notably aliphatic sulphides, 
cannot thus be analysed, as the sulphones formed by the 
action of the nitric acid are often so stable as to resist all 
further attempts at decomposition in this way. It is there- 
fore advisable to ^ploy the fusion method whenever possible, 
but when the substance is too volatile for this, or stable 
sulphones are produced, the contents of the tube, after treat- 
ment by the Carius method, may be washed out into a nickel 
basin, rendered strongly alkaline with an excess of highly 
concentrated aqueous potash, evaporated to dryn^s on the 
water-bath or in the air-bath, and then submitted to fusion. 
The cooled melt is rlissolved in water, and the sulphuric acid 
precipitated and weighed as barium sulphate. 

Estimation of Phosphorus 

The principal method for estimating phosphorus in organic 
compounds is that due to Neumann, which has been rendered 
extremely simple by the modifications suggested by Plimmer 
and Bayliss. 

About 0*2 gram to 0*3 gram of the substance (rather larger 
quantities may be necessary when determining the phosphorus- 
contents of proteins, etc.) is weighed out into a round- 
bottomed Jena flask and treated with 20 c.c. of a mixture of 
equal volumes of concentrated nitric and sulphuric acids. 
The flask is then heated as in the Kjeldahl process, with 
occasional additions of nitric ^cid, until the liquid is entirely 
colourless. 

The liquid is diluted when cold with 150 c.c. of water, 
and 100 C.C. of a 50 per cent, solution of ammonium nitrate 
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added. The solution is then warmed to 70-80®, and a 
slighrexcess (40 c.c. for every 60 mgr. of phosphoric anhydride) 
of a 10 per cent, solution of ammonium molybdate is added. 

The contents of the flask are thereupon thoroughly shaken 
for about one minute, and set aside for a quarter of an hour, 
after which the precipitate is collected on a small Gooch 
crucible provided with an ashless filter-paper in place of the 
usual asbestos filter, and washed with a small quantity of cold 
water. The precipitate is then washed back, together with the 
filter-paper, into a clean round-bottomed flask, and sufficient 
seminormal sodium hydroxide to dissolve it, with about 
5 c.c. in excess, is added from a burette. After boiling the 
solution vigorously for fifteen minutes until no more am- 
monia is evolved, the flask is cooled in a stream of water, 
the contents diluted to about 150 c.c., and a few drops of 
phenolphthalein added. Should no pink colour be produced, 
more alkali is run in from the burette, and the solution again 
boiled. 

Seminormal sulphuric acid is now added from a burette 
with about i c.c. in excess, the solution boiled to expel all 
carbonic acid, and seminormal alkali run in from the burette 
until a pink colour is just perceptible. 

The percentage of phosphorus may be calculated from 
the formula : 

Number of equivalents of NaOH „ 

Weight of substance 

Phosphorus may also be estimated, in non-volatile sub- 
stances and in those that combine with alkalies, by fusion with 
potash, with the addition of potassium nitrate or sodium 
pero^de to the fused mass to serve as an oxidising agent. 
The cooled melt is dissolved in water, the solution rendered 
add with nitric acid, and the ammonium phosphomolybdate 
precipitated by warming to 70-80® with ammonium nitrate 
and ammonium molybdate treated in the manner above 
described. 



CHAPTER VI 

QUANTITATIVE DETERMINATION OF RADICLES 

When examining a compound in which certain, groups have 
been detected, but which has not been definitely identified, 
much assistance may be obtained by a quantitative estimation 
of the groups. 

Thus, should a base be under examination, an attempt 
should be made to prepare a pure crystalline salt, such as the 
hydrochloride or sulphate, and the ionised acid estimated 
volumetrically or gravimetrically. The salts of weak bases 
may conveniently be analysed by titration of a weighed 
quantity with standard alkali in presence of phenolphthalein, 
while salts of all classes of bases with halogen hydracids may 
be titrated with standard silver nitrate, employing the 
Volhard method to determine the end-point. The neutralisa- 
tion equivalent of acids may be determined by titrating a 
weighed quantity (o*i gram to 0*2 gram) of the acid dissolved 
or suspended in water or aqueous alcohol with decinormal soda 
or baryta solution, employing phenolphthalein as an indicator. 

These simple and expeditious estimations should be 
carried out upon every base or acid under qualitative examina- 
tion. In the following pages some of the more complicated 
operations necessary for the quantitative determination of 
radicles are described. 

Decomposition of Metallic Derivatives 

In orda: to determine with great accuracy the equivalent of 
an acid, salts of silver, calcium, barium, sodium, or potassium 
may be prepared and analysed. 

314 
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^ The silver salt should, when insoluble in water, be selected 
for tfife purpose, since its isolation, purification, and decom- 
position can be simply and rapidly effected. A small quantity 
of the acid is either exactly neutralised with perfectly pure 
soda (best prepared from metallic sodium and absolute alcohol, 
with subsequent addition of water), the neutralisation point 
being detected by litmus paper,— or, when practicable, the 
simpler method may be adopted of adding a slight excess 
of pure aqueous ammonia and then boiling off this excess. 
After adding a sufficient quantity of silver nitrate to the 
solution of the salt, the precipitate is filtered off, recrystallised 
when possible from hot water, well washed with water, dried on 
a porous plate in the steam oven or toluene bath for an hour, 
and allowed to cool in a desiccator. About 0*2 gram to 
0’3 gram is weighed out into a porcelain crucible, and ignited, 
gently at first, until all decomposition is complete, and 
finally strongly, so as to remove any free carbon. Ignition 
must be repeated until the crucible with the residue of metallic 
silver has attained constant weight. 

The equivalent of the acid may be calculated from the 
formula : 


Weight of Ag salt 
Weight of Ag 



When the acid contains halogen, the residue after decom- 
position should, when cold, be cautiously treated with a small 
quantity of concentrated nitric acid, anunonium halide being 
added when the reaction is complete. The crucible is then 
heated and the residue weighed as silver halide. 

The calcium or barium salts, if insoluble, may be employed 
when the silver salt is soluble. These may be prepared either 
by treating a soluble metallic or ammonium salt with calcium 
cWoride or by adding freshly filtered baryta or lime water to 
the acid itself until a faintly alkaline reaction is produced. 

Care must be observed in drying the preparation, as 
calcium ot barium salts may contain water of crystallisation. 
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A weighed quantity is gently ignited in a crucible ov^ 
a Bunsen flame until a pure white residue is obtainedr This 
is again ignited after adding a few small chips of pure am- 
monium carbonate until constant weight is reached. The 
residue then consists of calcium carbonate or barium carbonate. 

The equivalent of the acid may be calculated from the 
formulae ; 

For calcium salts : 50-05 X - 20-05 

For barium salts : 98-69 X 


The calcium carbonate resulting from the decomposition 
of calcium salts may with advantage be strongly ignited over 
a blowpipe flame until no loss of weight occurs on further 
ignition. The residue after this treatment consists of calcium 
oxide. 

The equivalent of the acid may be calculated from the 
formula : 


28*05 X 


Weight of Ca salt 
Weight of CaO 


- 20*05 


Barium carbonate cannot be quantitatively converted 
into barium oxide in this way. 

When the sodium or potassium salt can be obtained in a 
pure state, the equivalent of the acid may be determined in 
the following manner. A weighed quantity is gently heated 
in a platinum crucible over a minute flame until all initial 
decomposition is complete. The residue is then allowed 
to cool, treated with a few drops of concentrated sulphuric 
add, and again heated over a small flame until all the sulphuric 
add is volatilised, care being taken to avoid spurting. If 
any carbon now remains, this process must be repeated. 
The residue, after strong ignition, is wdghed as sodium or 
potassium sulphate, and the equivalent calculated from the 
formulae : 
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For* sodium salts : 71*04 x 
For potassium salts : 87-14 x 


Weight of Na salt 
WdgkofNa^, “ 
Weight of K salt 

WeighrkK^V" 


When the substance under examination is a base which 
does form well-defined salts with mineral acids, the platini- 
chloride may be employed for the determination of the 
equivalent. This is prepared by dissolving the free base in 
hydrochloric acid and adding platinic chloride : 

2B-HGl + PtCl4 = (B-H),PtCl. 

The double compound separating out is filtered ofi and 
recrystallised, from alcohol if possible. Should it be insoluble 
in alcohol, epichlorohydrin may often be employed as a solvent, 
and alcohol added until a turbidity appears, when the salt 
will crystallise on standing. 

A weighed quantity (o-2 gram to 0-3 gram) of the platini- 
chloride is gently warmed in a platinum crucible over a small 
flame until initial decomposition is complete, then ignited to 
dull redness, and the residue weighed as pure platinum. 

The equivalent of the base may be calculated from the 
formula : 

Cuprichlorides and aurichlorides may be prepared and 
analysed in a similar manner, the residues consisting respect- 
ively of cupric oxide and metallic gold. Porcelain crucibles 
should, of course, be employed in these cases. 


Hydrolysis of Esters and Amides 
This process may be applied when the original substance 
is either an ester or a simple or substituted amide, but also 
when an acyl derivative of an alcohol, phenol, or amine has 
been prepared by the methods indicated in Chapter II. It 
thus constitutes an indirect method for the estimation of 
hydroxyl and primary or secondary amino groups. 
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About I gram to 2 grams of the substance is w^gheS 
out into a flask containing 25 c.c. of normal alcoholic potash 
and about 50 c.c. of absolute alcohol, and the mixture boiled 
on the water-bath for two to three hours under reflux. Should 
the substance be soluble in hot water, aqueous alkali may be 
employed. About 50 c.c. of the alcohol is then distilled off, 
the remainder diluted with the same quantity of water, 
filtered if necessary, and a few drops of indicator added. 
Should the original substance be precipitated on the addition 
of water, the hydrolysis must be continued for a further 
period of time before proceeding. 

When simple amides and acyl derivatives of strong bases 
which are volatile with steam are thus treated, it is necessary 
to boil the solution until the distillate shows no alkaline 
reaction, before titrating with standard acid. No quantitative 
results can, of course, be obtained by this process with acyl 
derivatives of strong bases which are not volatile with steam. 

The excess of alkali, after removal of strong bases, is then 
titrated with normal sulphuric acid. It is advantageous in 
many cases to employ phenolphthalein as an indicator, adding 
a slight excess of standard acid, warming to expel ciarbonic 
acid, cooling, and running in normal alkali from a burette 
until a pink coloration appears. As a general rule, methyl- 
orange should be selected as the indicator after the hydrolysis 
of phenolic esters, while phenolphthalein should exclusively 
be employed after the hydrolysis of derivatives of weak 
acids. 

When for any reason this process cannot be employed, as 
for example for the hydrolysis of acyl derivatives of strong 
bases which are not volatile or of polyhydroxylic phenols 
(solutions of which in alkali acquire dark colours on exposure 
to air), the substance should-provided that the acid produced 
by the hydrolysis be volatile with steam— be boiled for three 
hours with a large excess of a strong solution of phosphoric acid 
or benzenesulphonic add under reflux. The liquid is then 
distilled^ the contents of the flask being taken down n^ly 
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to dryness. Water is then added, and the operation repeated 
until tte liquid passing over is neutral to litmus. The dis- 
tillate is titrated with standard alkali in presence of phenol- 
phthalein or methyl-orange. 

This process can be applied to the hydrolysis of sub- 
stituted amides which are so stable as to resist the action of 
alcoholic potash. As an example of this type of compound 
phenacetin may be cited. 

The latter 'method is generally applicable to the hydrolysis 
of nitriles. When nitriles and simple amides have been 
hydrolysed by phosphoric acid, the residue in the distilling 
flask after removal of the free volatile organic acids by dis- 
tillation may be rendered alkaline with soda and distilled 
into standard acid, as in the Kjeldahl process. The ammonia 
value thus obtained serves as a check on the acid value 
obtained by the hydrolysis of the amide or nitrile. 

Estimation of Primary or Secondary Amines 

This process, based on the acetylation by means of acetic 
anhydride of primary and secondary amines, can generally be 
employed for the estimation of weak secondary amines in 
presence of weak tertiary amines. When, for instance, it 
is desired to estimate the amount of the imino group present 
in a commercial sample of methylaniline, the procedure is 
as follows : about i gram of a substance is accurately weighed 
out into a small flask, and a weighed quantity (about 2 grams) 
of acetic anhydride added as rapidly as possible. A reflux air 
condenser (a long glass tube) is fitted to the flask and the 
mixture allowed to stand at the room temperature for thirty 
minutes to one hour. When the reaction is complete, the 
contents of the flask are diluted with about 50 c.c. of water, 
and heated on the water-bath for an hour, in order to convert 
the excess of acetic anhydride into acetic acid. After cooling, 
the amount of acetic acid present in the free state and as the 
salt of the tertiary base is titrated with normal sodium 
hydroxide solution in presence, of phenolphthalein. This 
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method is, of course, not practicable when the tertiary amine 
is a base sufficiently strong to impart a pink colour to phenol- 
phthalein. 

Since it is difficult to obtain acetic anhydride in a perfectly 
pure state, a blank experiment must be carried out simul- 
taneously, in order to ascertain the relative proportion of 
acetic acid and acetic anhydride in the reagent employed. 

This process serves as a rough method for the determina- 
tion of the equivalent of a primary or a secondary amine, being 
the converse of the method based on the hydrolysis of 
substituted amides. 

Estimation of Methoxyl or Ethoxyl Groups 

The following method, due to Zeisel, is based upon the 
fact that methyl or ethyl ethers or esters, on treatment with 
hot aqueous hydriodic acid, are quantitatively decomposed 
with formation of methyl or ethyl iodide. It is applicable to 
the analysis of all methoxyl or ethoxyl compounds which are 
not highly volatile. 

In the original procedure of Zeisel the substance is heated 
with hydriodic acid in a flask immersed in a glycerol or oil 
bath, and a slow stream of pure carbon dioxide passed through 
the flask. The vapours of hydriodic acid, water, and alkyl 
iodide, together with the carbon dioxide, are passed through 
a reflux condenser jacketed with water at a temperature 
between 40® and 50®, then through a wash-bottle immersed 
in a bath of water at 40-50® containing red phosphorus 
and water, in order to remove any free iodine and traces of 
uncondensed hydriodic acid, and finally through alcoholic 
silver nitrate. 

The apparatus and procedure of ZeiseFs original method 
have been much simplified by the suggestions of Hewitt and 
collaborators. Since the separation of the alkyl iodide vapour 
from that of aqueous hydriodic acid consists essentially of 
a fractional distillation, the reflux condenser jacketed with 
warm water may be replaced by a suitable distilling colunm 
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or its equivalent ; it has also been shown that pyridine can 
be employed for the absorption of the alkyl iodide instead of 
the alcoholic silver nitrate. This latter replacement is of 
two-fold advantage : on the one hand it enables the iodide 
to be estimated by the more rapid volumetric method of 
Volhard, and on the other hand it disposes of the practically 
insurmountable dif&culties encountered when mercaptans^ 
are simultaneously evolved on boiling with hydriodic acid. 

The apparatus is constructed as shown in Fig. 15. The 
decomposition vessel consists of a flask of 80-100 c.c. capacity 
to which is attached a neck about 40 cm. long, bearing near 
the top a side tube of the type employed in the Claisen dis- 
tillation flask (page 3). In the upper end of the tube is 
stoppered a water-cooled tube which may be inserted to any 
desired distance; 2-3 cm. above the bulb is a side-tube 
for the entrance of carbon dioxide, provided with a trap to 
prevent back-difiusion and to observe the rate of flow of the 
gas. The vapours pass from the decomposition vessel 
through a wash-flask surrounded by a water-bath at a suit- 
able temperature into the absorption vessel (modified from a 
design by Gumming) consisting of four traps integrally con- 
nected in series. 

An accurately weighed sample (o*2-0‘3 gram) of the 
substance is placed in the decomposition flask, together with 
a few chips of unglazed porcelain, and upon it is poured a 
cooled mixture * of 25 c.c. of 50-57 per cent, aqueous hydriodic 
acid and 15 c.c. of pure acetic anhydride. A small quantity 

' Many sulphur-containing sutetances give off hydrc^en sulphide 
during decomposition ; this can be removed by pasang the vapours 
through a bath of cadmium sulphate solution, wMch withholds it in the 
fOTm of cadmium sulphide. When, however, mercaptans are given off 
as is the case with many compounds containing sulphur attached to 
alkyl), these are not retained by the cadmium sulphate and yield 
insoluble silver mercaptides which are only incompletely removed from 
the silver iodide even on long boiling witii excess of nitric acid. 

* Much heat is developed on mixing the hydriodic acid and acetic 
anhydride ; the latter should be slowly added to the former, cooling 
with ice-water and agitating during the addition. 

O.A. 


y 



322 


ORGANIC ANALYSIS 


of a similar solution is placed in the trap of the carbon dioxide 
inlet tube. The wash-flask is provided with a 1-2 cm. deep 
layer of water in which a small quantity of red phosphorus 
is suspended, and in the absorption vessel 10 c.c. of pure 
pyridine is distributed between the four traps. 

A slow stream (1-2 bubbles per second) of carbon dioxide 
is passed through the apparatus, and the reaction mixture is 
gently boiled over a small flame. When methoxyl is being 
estimated, the flame and exposed length of water^ooled tube 
are so adjusted that the temperature of the issuing vapours 
remains at 20-25® I bath surrounding the wash-flask is 
held at 45-50*^* For ethoxyl, the vapours must leave the 
decomposition vessel at 29-30® and the water-bath be main- 
tained at 75-80®. The water-cooled tube prevents the escape 
of the bulk of the vapours of iodine, acetic acid, water, and 
hydriodic acid which are not condensed in the long neck of 
the decomposition flask; the wash-flask containing water 
and phosphorus retains any traces that may escape. The 
absorption of the alkyl iodide by the pyridine can be observed 
by the formation of a yellow colour ; if the rate of carbon 
dioxide be not too fast, very little colour will be developed 
in the third trap and none in the fourth. When no further 
increase of colour is noted, the decomposition may be regarded 
as substantially complete, but the process is carried on for 
30 minutes longer. The reaction requires from one to three 
hours in all. 

The pyridine is washed out into a 500 c.c. beaker or conical 
flask, rinsing the absorption vessel with several changes of 
distilled water. After diluting to 200-250 c.c. the solution 
is boiled vigorously for a few minutes in order to expel any 
hydrogen sulphide or volatile mercaptans, and cooled. A 
known excess of decinormal silver nitrate solution is added, 
and the solution acidified with dilute nitric acid.^ A few 

\ The ^ver nitrate must be added first, as there is a danger of 
iodide being partially oxidised to iodine on acidification if it be not 
first converted into silver iodide. 
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Fig. 15. 
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drops of ferric alum solution are then added, and the 
excess silver is titrated back with decinormal thiocyanate 
solution. 

The percentage of alkoxyl in the original substance is 
calculated from the formulae : 


For Methoxyl : 


No. of ex. of N/io AgNO, 
Weight of subtance ^ 


For Ethoxyl : 


No. of c.c. of N/io AgNOs 
Weight of substance 


X -0045 


Estimation of Unsaturation 

(i) Ethylenic,—T\it most general method for the estima- 
tion of ethenoid linkages is that of bromine addition. This is 
carried out in the following way : a weighed quantity (0*3 
gram to i-o gram) of the substance is dissolved in 10 c.c. of 
pure carbon tetrachloride in a 500 c.c stoppered flask, 20 c.c. 
of a N/3 bromine solution in carbon tetrachloride added, and 
the mixture allowed to stand in the dark for about eighteen 
hours. 

The flask is thereupon cooled in ice> about 25 c.c. of water 
rapidly added, and the mixture thoroughly shaken. After 
addition of about 25 c.c. of a 10 per cent, solution of potassium 
iodide in water and 75 c.c. of water, the iodine liberated by 
the excess of the bromine is titrated with decinormal sodium 
thiosulphate. 

In order to avoid escape of bromine, the water and potas- 
sium iodide solution may most conveniently be added by 
removing the stopper of the flask, rapidly substituting for it 
a dropping-funnel fitted with a cork, completely immersing 
the flask in a freezing mixture, and allowing the water or 
solution to be drawn in by the reduced pressure consequent 
upon the cooUng. 

The extent to which bromination may have simultaneously 
taken place is determined by adding, after the completion of 
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the titration, about 5 c.c. of a 2 per cent, solution of potassium 
iodate, and again titrating the resultant iodine. By this 
procedure the hydrobromic acid formed during the bromina- 
tion liberates hydriodic acid on the addition of potassium 
iodide ; this hydriodic acid reacts with the iodate so as to 
form free iodine 

KI 0 s + 6HI = KI+ 6 I+ 3 H *0 

Twice the amount of the bromine thus estimated as hydro- 
bromic acid is to be deducted from the bromine addition 
value before calculation. 

For determining the amount of unsaturated compounds 
present in a mixture of fatty acids or in fats the method of 
Hiibl is generally employed. This process is based on the 
fact that an alcoholic solution of iodine in presence of mercuric 
chloride yields what may be regarded as a solution of iodine 
chloride, which reacts with ethylenic compounds with forma- 
tion of chloroiodo addition products. In the modification 
of this process due to Wijs, iodine chloride itself, —prepared 
by passing chlorine into a solution of iodine,— is employed. 

The iodine solution is made up in two parts : the first 
consisting of 25 grams of pure iodine dissolved in pure 95 per 
cent, alcohol and diluted with this solvent to 500 c.c. ; the 
second consisting of 30 grams of pure mercuric chloride 
dissolved in the same solvent and diluted to 500 c.c. Equal 
volumes of the two solutions are mixed, allowed to stand 
for twenty-four hours, then standardised against decinormal 
thiosulphate solution, and employed forthwith. 

A weighed quantity (0*5 gram to i*o gram) of the substance 
is introduced into a stoppered flask of 500 c.c. capacity and 
dissolved in 10 c.c. of pure chloroform, whereupon 25 c.c. of 
the standardised iodine solution are added from a pipette. 
Should the liquid not remain entirely dear on mixing, more 
chloroform is added. The flask is then stoppered and set 
aside in the dark at the room temperature for twelve hours. 
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If, after so standing for two hours, the dark brown colour of 
the iodine has vanished, a further quantity of the iodine 
solution is added. 

^en the twelve hours have elapsed, the liquid is treated 
with 25 c.c. of a 10 per cent, solution of potassium iodide and 
diluted with 300 c.c. of water. In the event of a red pre- 
cipitate of mercuric iodide separating on dilution, further 
potassium iodide is added. Decinormal thiosulphate is then 
rim in from a burette until the colour of the iodine has almost 
disappeared, the end-point being determined after the addition 
of a small quantity of starch solution. 

It is necessary to carry out a blank experiment simul- 
taneously and under identical conditions, as not only is the 
chloroform employed for dissolving the substance liable to 
absorb the iodine chloride, but the titre of the iodine solution 
may undergo, a slight alteration during the period of time 
occupied by the experiment. 

The * iodine number ' of a fat or other substance, as 
obtained by this method, is the number of grams of iodine 
which would be absorbed by 100 grams of the unsaturated 
compound or mixture. 

This process is applicable only to those unsaturated com- 
pounds in which the ethenoid linkages are not situated in 
conjunction with groups rich in residual affinity. Mere 
aggregation of substituents around such a linkage also may 
tend to prevent the quantitative formation of addition pro- 
ducts. Thus crotonic acid and cinnamic acid absorb but little 
iodine, maleic acid and fumaric acid none whatever, while 
even allyl alcohol is not completely saturated under the above 
conditions. Satisfactory results are however obtained with 
the unsaturated acids and glycerides occurring in natural 
fats. 

(2) Acetylenic compounds containing a hydro- 

gen atom attached to a triply-bound carbon atom may be 
quantitatively examined either by treating with a solution of 
silver nitrate in water or in alcohol, and titrating the free acid 
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after filtering ofi tlie product and precipitating the excess of 
silver with sodium chloride solution : 

RC : CH + AgNOa = R-C : OAg + HNO„ 
or by preparing the silver derivative of the compound by 
treatment with ammoniacal silver nitrate, filtering off the 
precipitate, and drying it on a porous plate in a vacuous 
desiccator. A weighed quantity of this derivative is treated 
in a porcelain crucible with aqua regia, and finally gently 
ignited, the residue being weighed as silver chloride. 

Fehling’s Solution 

Fehling’s solution, being a mild oxidising agent, may be 
employed for the estimation of aldehyde, hydrazine, and other 
easily oxidisable groups ; but its cUd appUcation is to the 
estimation of sugars. 

Standard Fehling’s solution is made up in two parts : the 
first consisting of 69*28 grams of pure crystallised copper 
sulphate dissolved in water and <^uted to one litre, the 
second consisting of 350 grams of Rochelle salt (sodium 
potassium tartrate) and 120 grams of pure sodium hydroxide 
(sticks) dissolved in water and diluted to i litre. 

To estimate the amount of sugar in a solution,— which 
should be diluted so that 10 c.c. are approximately equivalent 
to 10 c.c, of the mixed Fehling’s solution,— 5 c.c. of each 
constituent of Fehling’s solution are measured out into a 
basin, diluted with about 40 c.c. of dilute sodium hydroxide 
solution, and gently boiled. The sugar solution is thereupon 
run into the boiling mixture from a burette in successive 
portions of i c.c., pausing after each addition to allow the 
reduction to complete itself, until the last portion causes the 
complete disappearance of the blue colour. The operation is 
then repeated, adding 2 c.c. less of the sugar solution rapidly, 
and finally determining the end-point accurately by adding 
the sugar solution in drops until the blue colour just vanishes. 
This q)eration must be carried out expeditiously, as the 
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cuprous oxide thus precipitated tends to be reoxidised by air 
to the cupric salt, the blue colour returning after a short lapse 
of time. 

It may be taken that every 5 c.c. of the copper sulphate 
solution are equivalent to 0*050 gram of a hexose. 

The chief disadvantage of this method of employing 
Fehling's solution is the difficulty with which the end-point 
is determined. This may be evaded by the use of a solution 
of ferrous thiocyanate in dilute hydrochloric acid as an 
external indicator. When results of extreme accuracy are 
required an excess of Fehling’s solution may be employed 
with a known volume of the sugar solution, and the cuprous 
oxide precipitated after boiling for three or four minutes, 
collected on a weighed Gooch crucible, washed successively 
with water, alcohol, and ether, dried for an hour in a steam 
oven, and weighed. 

The most satisfactory method, however, for the estimation 
of sugars by means of Fehling’s solution is that recommended 
by Bertrand. The principle is based on the fact that cuprous 
oxide is dissolved by an acid solution of ferric sulphate with 
formation of cupric sulphate and ferrous sulphate : 

Cu ,0 + Fe, (804)3 + HjSO* = 2CUSO4 + 2FeS04 + Hfi 

The resulting ferrous salt is estimated by titration with 
permanganate solution. 

The solutions required for the method as modified by 
Bertrand are prepared as follows : 

A. 40 grams of pure crystallised copper sulphate (freed 
from ferrous sulphate by recrystallising from very dilute nitric 
acid) dissolved in water and diluted to i litre. 

B. 200 grams of Rochelle salt, 150 grams of pure sodium 
hydroxide (sticks), made up with water to i litre. 

C. 50 grams of ferric sulphate, 200 grams of pure sul- 
phuric acid, made up with water to i litre. 

D. 5 grams of pure potassium permanganate dissolved in 
water and diluted to i litre. 
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The ferric sulphate solution ought not to reduce perman- 
ganate ; should it do so, permanganate is added to it until 
further addition imparts a pink colour to the solution. The 
potassium permanganate is to be carefully standardised 
against ammonium oxalate or oxalic acid. 

The sugar solution under examination should contain not 
less than 0*5 gram nor more than 4-5 grams of the sugar to the 
litre. 

The procedure is as follows : 20 c.c. of each constituent 
of the Fehling’s solution (A and B) are measured out into a 
conical flask and heated to gentle boiling, whereupon 20 c.c. 
of the sugar solution is added from a pipette, and the mixture 
boiled for exactly three minutes. The precipitated cuprous 
oxide is then allowed to settle for an instant, and the super- 
natant liquor filtered by decanting as completely as possible on 
to a Gooch crucible packed with asbestos, as little cuprous 
oxide as possible being allowed to settle upon the filter. The 
residue in the flask is then washed with tepid water and the 
hquor again decanted upon the filter. 

To the residue is now added just sufiicient of the ferric 
solution (C) to cause it to dissolve completely with formation 
of a green solution. This solution is at once filtered into a 
clean filtering flask through the Gooch crucible so as to 
dissolve the cuprous oxide retained on the asbestos, and the 
flask and filter washed out with water. The filtrate is im- 
mediately titrated as rapidly as possible with the standard 
permanganate solution P) until a pink colour just appears. 

The amount of copper precipitated as cuprous oxide may 
be calculated from the equations : 

CujO + Fe8(S04)3 + H2SO4 = 2CUSO4 + 2FeS04 + HjO 
2KMn04 + ioFeS04 -|- 9H2SO4 = 

SFe, (504)3 + 2KHSO4 + 2MnS04 + mfi 

Whence KMnO* = 5CU 

i.e. 158-0 : 317-8. 

The following figures, obtained experimentally by Bertrand, 
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indicate the number of milligrams of copper precipitated as 
cuprous oxide on treating sugar solutions containing lo to 
100 milligrams of the sugar in each 20 c.c. of solution. It will 
be observed that the results, although reproducible, are not 
strictly quantitative. 


Number of Numbe^ of MilUgrana of Copper precipitated. 

MilligratiK 

of sugar ‘Invert* 


estimated Dextrose. 

Sugar.* 

Galactose. 

Mannose. 

Anbinose. 

Maltose. 

Lactosei 

10 

20*4 

20*6 

19*3 

20*7 

21*2 

11*2 

14*4 

20 

40*1 

40*4 

37*9 

40*5 

41*9 

22*2 

28*4 

30 

59-1 

59*3 

56*2 

59*5 

62*0 

33*3 

42*1 

40 

77*5 

77.7 

73*9 

78*0 

81*5 

44*1 

55*4 

50 

95-4 

95*4 

91*2 

95*9 

100*6 

55*0 

68*5 

60 

112*8 

112*6 

io8*3 

113*3 

119*3 

65*7 

81*4 

70 

129*8 

129*2 

125*0 

130*2 

137*5 

76*5 

94*1 

do 

146*1 

145*3 

141*3 

146*9 

155*3 

87*2 

106*7 

90 

162*0 

i6i*i 

157-6 

163-3 

172*7 

98*0 

119*1 

100 

177-8 

176-5 

173-6 

1794 

189*8 

108*4 

131*4 


The figures for levulose may be estimated from those given for 
dextrose and ' invert sugar.' 


Pavy's Solution 

In this, which may be regarded as a modification of 
Fehling'^ solution, the sodium hydroxide is partially replaced 
by ammonia. Cuprous oxide is soluble in ammonia with 
formation of a colourless solution ; the point at which the blue 
colour of the cupric ammonium salt disappears may thus be 
determined with greater accuracy than when the solution is 
rendered turbid by the precipitated cuprous oxide, as in the 
estimation of sugars by Fehling's solution. 

Pavy's solution is prepared, like Fehling's solution, in two 
portions : the first consisting of 8-316 grams of pure crystallised 
copper sulphate dissolved in water and diluted to i litre ; the 
second consisting of a mixture of 40-8 grams of Rochelle salt, 
40-8 grams of pure potassium hydroxide, 600 c.c. of strong 
aqueous ammonia (sp. gr. o-88o), diluted to i litre. It may 

^ A 0*5 per cent, solution obtained by heating 4*750 grams of sucrose 
in 50 C.C. of 2 per cent. HCl to loo** for 10 to 15 minutes, cooling, nen- 
trabsing, and (hinting to i litre. 
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also be prepared from Fehling's solution (p. 327) by diluting 
120 c.c. of the copper sulphate solution with water to i litre, 
and diluting 120 c.c. of the alkaline solution of Rochelle salt 
with 600 c.c. of concentrated ammonia (sp. gr. o*88o) and 
sufficient 10 per cent, caustic soda solution (sp. gr. approxi- 
mately I -12) to make up to i litre. The Pavy’s solution thus 
prepared is, as compared with Fehling’s 
solution, capable of oxidising one-tenth the 
amount of glucose. Thus a mixture of 25 
c.c. of each of the two constituents of 
Pavy’s solution corresponds to 0-025 gram 
of glucose. The sugar solution should be 
so diluted with weak ammonia that 10 c.c. 
corresponds approximately to 25 c.c. of the 
copper sulphate solution. 

To carry out an estimation, 25 c.c. of 
each constituent are measured out into a 
conical flask of 500 c.c. capacity and diluted 
with 50 c.c. of water or dilute ammonia. 

A small piece of porous earthenware is 
added, and the flask closed by a doubly 
bored indiarubber stopper through which 
pass the point of the burette and a long 
glass tube bent in the form shown in Fig. 

16. This tube serves partly as a reflux con- 
denser and partly to discharge the evolved 
ammonia above the level of the head of the 
operator. 

The sdution in the flask is heated so as 
to boil gently, and the sugar solution then run in from the 
burette in successive portions of about i c.c. until the colour 
is discharged, and the operation repeated, as in the case of 
Fehling’s solution, by rapidly adding a slight deficiency of 
the sugar solution to a fresh quantity of the Pavy’s solution, 
and accurately determining the end-point by adding the 
remaining portion of the sugar solution in separate drops. 



Fig. 16. 
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Care must be taken that the solution boils evenly through- 
out the operation, as, in the event of an interruption, any air 
drawn into the flask would at once reoxidise the cuprous 
ammonium salt. 

Sucrose, which does not reduce Fehling's solution or Pavy’s 
solution, may be estimated by hydrolysing to ' invert sugar,* 
which, after neutralisation and ^ution to standard volume, 
is titrated against Fehling’s solution or Pavy’s solution. 
Hydrolysis or * inversion ’ of sucrose is performed by warming 
a I per cent, solution of sucrose in water with one-tenth its 
volume of concentrated hydrochloric acid for fifteen minutes 
on the water-bath, cooling, exactly neutralising with sodium 
carbonate, diluting to a suitable concentration (about 0*4 per 
cent.), and adding from a burette to a definite volume of the 
boiling cupric reagent, or treating according to the method 
recommended by Bertrand. 

The result, as expressed in milligrams of ‘ invert sugar,’ 
is to be multiplied by the factor 0-94822 in order to deduce 
the amount of sucrose present, since 332-18 grams of sucrose 
on hydrolysis yield 350-19 grams of an equal mixture of 
dextrose and levulose. 

Sucrose in presence of dextrose or some other reducible 
sugar may thus be estimated by dividing the solution into 
two portions, and determining the extent to which Fehling’s 
solution is reduced before and after hydrolysis. The amount 
of dextrose is given by the value before hydrolysis, while the 
amount of sucrose may be calculated from the difference 
between the values found before and after hydrolysis. 



CHAPTER VII 

DETERMINATION OF SOME PHYSICAL PROPERTIES 

The examination of physical properties of organic compounds 
is of the greatest value for identification or determination of 
constitution. Thus the molecular weight of the compound 
under examination may be estimated with a fair degree of 
accuracy by cryoscopic or ebullioscopic determinations, and 
with great accuracy, in the case of volatile substances, by 
determination of the vapour-density. The density of organic 
liquids under qualitative examination should in all cases be 
determined, reference being made to the tables in Chapter IV. 
The rotatory power should likewise be determined in all 
substances in which optical activity is suspected. The 
refractive power of substances of which the empirical formula 
and molecular weight have been ascertained is frequently of 
great service in establishing the constitution. The procedure 
for the determination of this last physical property is of so 
simple a nature when a Pulfrich or an Abbe refractometer is 
available that it is not here described ; the conclusions which 
may be deduced from the experimental data so obtained are 
described in the text-books ' of physical chemistry. 

Determination of Molecular Weight 

(i) The Cryoscopic Method,— Tm method, based on the 
phenomenon of the depression of the freezing-point of a 
liquid on the introduction of a solute, is the most generally 

^ This subject is My treated in Simles*s RehHons between Chemical 
Conetitwiim and Physick Properties (Longmans). 1910. 
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applicable, and its simplicity is such that it may well be the 
first to be employed for the determination of molecular weight. 
It is important, however, that a solvent be selected which will 
dissolve the substance under examination to the extent of at 
least 10 per cent, in the cold. 

The apparatus is constructed as shown in Fig. 17. The 
Beckmann thermometer A is inserted in the inner tube B, 
and soured by means of the doubly bored indiarubber stopper 
C. A stirring-rod of glass, D, at the lower end of whi^ is 
fused a stout platinum ring which passes round the bulb of 
the thermometer, is fitted so as to slide without friction 
through a piece of glass tube inserted in the second hole of the 
stopper. In cases when the solvent employed— -for example 
acetic acid— is of a hygroscopic nature, it is advisable to 
replace this tube by a glass bulb, as shown (E) in Fig. 18, 
through which dry air is slowly aspirated. The tube B is 
provided with a side tube, F, of sufficient diameter to permit 
of the introduction of the substance when required. The 
portion of the tube B below the side tube is fixed by means 
of a short wide cork in a larger tube, G, which is jacketed 
with a bath maintained at a temperature about 2^ below the 
mdting pdnt of the solvent. 

To carry out the determination, the Beckmann thermo- 
meter is set so that, at the temperature at which the pure 
solvent freezes, the head of the column of mercury stands in 
the upper pohion of the stem. This is effected by warming 
the bulb of the thermometer until the column has risen to the 
reservoir R, inverting the thermometer, and gently tapping 
the metal head until the contents of the reservoir are united 
to the main body in the stem. The bulb is then placed in a 
bath the temperature of which lies about 2® above the freezing- 
point of the solvent, and the metallic head of the thermometer 
again tapped so that the mercury in the reservoir is detached 
from the stem. 

A weighed quantity (about 15 grams) of the pure solvent 
is placed in the inner tube B, and the apparatus fitted together. 




Fig. 17. 
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The charging of the tube with the liquid is most easily effected 
by weighing it before and after addition of the solvent. 

When the thermometer indicates a slight supercooling, the 
stirring-rod is gently moved up and down at a rate of about 
twenty strokes to the minute. As soon as crystals begin to 
form, the temperature rises to a definite point, at which it 
remains constant for some time. This point is read on the 
scale by means of a small microscope of special design attached 
to the thermometer by means of a clip. Accuracy to the 
thousandth part of a degree is possible in this way. 

After a repetition and confirmation of the freezing-point of 
the pure solvent, a weighed quantity (about 0*2 gram to 0*5 
gram) of the substance is added through the side-tube F, and, 
after complete solution, the new freezing-point determined. 
When the substance is a solid, it may be introduced either in 
a small boat constructed of platinum foil, or in the form of a 
pellet prepared by pressing the finely-powdered substance in a 
small percussion-mortar of suitable design. If it be a liquid, 
the best plan is to add it from a pyknometer, weighing this 
before and after addition. For the sake of certainty of results, 
it is advantageous to add the substance in two or more stages, 
determining the freezing-point after each addition. 

The molecular weight is calculated from the formula : 



where M is the molecular weight, c the constant for the liquid, 
p the number of grams of substance per 100 grams of solvent, 
and t the depression of the freezing-point. 

The following substances are conunonly employed as 


solvents : — 

Water 

M.P. 

. 0 ® 

c. 

19 

Diphenyl Ether 

M.P. 

. 28“ 

c, 

80 

Nitrobenzene . 

. 5 ** 

71 

Phenol . 

. 42® 

72 

Benzene . 

. 5 ^ 

50 

/>.Toluidme 

• 43 " 

51 

Bromoform 

. 9 ® 

143 

Thymol . 

• 50 ** 

92 

Ethylene Bromide 

. 9 *’ 

118 

Diphenylamine 

• 54" 

88 

Acetic Acid 

. 16® 

39 

Naphthalene . 

. 80“ 

69 
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(2) The Ebidlioscopic Method.— TUs method should be 
employed to the exclusion of the cryoscopic method only 
when the substance is not sufficiently soluble in any suitable 
solvent, owing to the difficulty of the manipulation and the 
uncertainty of the results. The principle rests upon the 
elevation of the boiling-point of a liquid by the presence of 
a dissolved substance. 

The construction of the apparatus is somewhat similar to 
that employed for the cryoscopic method. The inner tube 
containing the solvent presents no essential difference in 
arrangement except that a stout platinum wire is fused through 
the bottom to serve as a conductor of heat, and that the 
stirring-rod is replaced by a collection of glass or garnet 
beads, to facilitate gentle ebullition. Before adding the 
solvent, it is necessary to determine the weight of the inner 
tube when charged with the beads. The air-bath surrounding 
the inner tube is jacketed with the vapour of the boiling 
solvent, with whi^ the outer jacket is charged for this 
purpose. Reflux condensers are attached to both the inner 
tube and the outer jacket. The whole apparatus is heated 
by two small Bunsen flames, placed under opposite comers, 
so that the liquid in the jacket boils vigorously and the solvent 
in the tube receives sufficient heat to maintain it in steady 
ebullition. The temperature is read, when constant, upon 
the previously adjusted Beckmann thermometer. 

A weighed pellet of the substance is then added, either 
by removing the reflux condenser attached to the inner tube 
for an instant, or, if possible, by allowing it to fall through 
the condenser tube. The solvent must be kept boiling 
throughout the entire operation, otherwise inaccurate results 
may be obtained. The boiling-point, which is observed to rise 
during solution of the substance, is recorded when constant. 
Subsequent additions of the substance may be made, and the 
new boiling-points again noted. 

When the last reading has been recorded, the apparatus 
is allowed to cool, and the thermometer and condenser 

O.A. z 
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removed from the inner tube, which is then weighed, in order 
to ascertain the quantity of solvent actually employed. An 
allowance of o*^ gram for easily condensed liquids and of 
0*4 gram for highly volatile liquids should be deducted from 
the total amount, in order to correct for condensed liquid 
retained in the condenser. Correction should be made for 
any barometric change occurring during the operation. 

The molecidar weight is calculated from the formula : 
100 c,w 
Vi.t 

where M is the molecular weight of the solute, c the molecular 
elevation of boiling-point for 100 grams of the solvent, w the 
weight of substance taken, W the weight of solvent taken, and 
i the observed elevation of boiling-point. 

The following solvents are commonly employed for this 


purpose : 

B.P. 

c. 

* 

B.P. 


Ethyl Ether . 

35 ® 

2 I*I 

Carbon Tetrachloride 

78® 

48*0 

Caxl^n Disulphide . 

46® 

23*7 

Benzene . 

80® 

267 

Acetone. 

56" 

167 

Water . 

100® 

5*2 

Chloroform . 

6i« 

36-6 

Acetic Acid 

II9® 

25*3 

Methyl Alcohol 

66® 

9-2 

Ethylene Bromide . 

129® 

63*2 

Ethyl Acetate 

77 ® 

26*1 

Phenol ; 

I8I® 

30*4 

Ethyl Alcohol 

78® 

II -5 

Aniline . * . 

183® 

32*2 


It is to be remarked that in both the aryoscopic and the 
ebuUioscopic methods, solutions of hydroxylic substances in 
non-hydroxylic solvents, such as benzene or chloroform, may 
give rise to abnormally high results, owing to association. It 
is therefore advisable in all cases to carry out the determina- 
tion in at least two difrerent solvents, of which one should 
possess a constitution chemically comparable to that of the 
substance under examination. 

Determination of Vapour-Density 

When the substance can be examined in the form of 
vapour, the molecular weight inay be estimated with great 
accuracy by determining the vapour-density. The two most 
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important methods are those 
due fo Victor Meyer and to 
Hofmann. 

(i) The • Victor Meyer 
Method.— IMs method is ap- 
plicable to substances which 
can be heated at least thirty 
degrees above their boiling- 
points under atmospheric 
pressure without decomposi- 
tion. The operation is ex- 
tremely simple, and the pro- 
cess possesses the additional 
advantage that no mercury 
is employed. 

In the apparatus, a small 
loosely-stoppered bottle con- 
taining a weighed quantity 
(about 0*1 gram) of the sub- 
stance is allowed to fall from 
the cool uppa: part of the 
tube into the heated bulb A, 
where the substance volati- 
lises, and thereby displaces 
air from the upper part of 
the tube, this air being col- 
lected over water in the 
graduated vessel in the water- 
trough B. When all the air 
is driven over, the volume is 
read. 

The simplest device for 
allowing the bottle containing 
the weighed quantity of sub- 
stance to fall when required 
consists of an indiarubber 





Fig. iS. 
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tube, C, which can be bent aside after the insertion of the 
bottle and subsequently straightened so as to allow the 
bottle to shde through and fall into the heated bulb. The 
arrangement as depicted (D) in Fig. i8 is, however, more 
convenient for use, though less simple in construction. A 
layer of dry sand or asbestos is placed in the bottom of the 
bulb in order to prevent the bottle from breaking the walls 
of the vessel by its fall. 

The bulb is heated by the vapour of a liquid boiling in the 
bath B until the temperature of the bulb and tube is constant, 
at which point no further bubbles of air are driven through 
the delivery-tube under the surface of the water. The 
graduated tube, completely filled with water, is then placed 
in position over the end of the dehvery-tube, and the bottle 
containing the substance released from the upper part of the 
tube so that it falls into the heated bulb. Instant volatilisation 
occurs, and the displaced air is driven over and collected in 
the graduated tube. When no further air passes over, the 
graduated tube is transferred to a long cylinder filled with 
water, the water-trough lowered from the delivery-tube, and 
the heating interrupted. 

The compound selected for the vapour-bath should possess 
a boiling-point lying about twenty or thirty degrees above 
that of the substance under examination, so that the latter 
volatilises instantly. Under these circumstances inaccuracy 
owing to diffusion need not be feared. Compounds commonly 
employed for the vapour-bath are : 


Water 

B.P. 

. 100 ® 

Ethyl Benzoate . 

B.P. 

213® 

Chlorobenzene . 

. 132® 

Quinoline . 

239® 

Bromobenzene , 

. isy’* 

IsoAmyl Benzoate 

262® 

Aniline 

. 183® 

. 193® 

a>Bromonaphthalene 

279® 

Dimethylaniline . 

Diphenylamine . 

310® 


It is to be borne in mind that the exact temperatures 
employed do not enter into the calculation. It is therefore 
not necessary to make certain of the purity of the substances 
employed for the vapour-bath. 
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The volume of the air is determined in precisely the same 
manner as is the nitrogen produced in the analysis of nitrogen 
compounds by the Dumas method (p. 301). 

The vapour-density is calculated from the formula : 

_ 3i070-W(273 +/) 

where D represents the density of the vapour reduced to 
N.T.P., W the weight of substance taken, t the temperature 
of the air and surrounding water, B the barometric pressure 
reduced to o"^, p the vapour-pressure of water at the observed 
temperature, and V the observed volume of the air. 

A list setting forth the vapour-pressure of water, expressed 
in mm. of mercury, at temperatures between 10® and 25°, will 
be found on p. 302. 

(2) The Hofmann Method.— TUs method is particularly 
adapted to the determination of the vapour-density of sub- 
stances which are not stable at their boihng-points under 
atmospheric pressure, but which may be volatihsed without 
decomposition under reduced pressure. The procedure is more 
complicated than in the Victor Meyer method, which, how- 
ever, it does not surpass in point of accuracy. 

A glass tube, sealed at one end, 90 cm. in length and 12 
mm, to 15 mm. in diameter, graduated in mm. and cahbrated 
so that the volume corresponding to the graduations is 
accurately known, is filled with pure dry mercury and inverted 
into a mercury-trough, care being taken that the interior of 
the tube is perfectly clean and dry. Three small Anschutz 
thermometers are affixed to the tube at equal distances by 
means of cotton thread or fine copper wire, and the vapour- 
jacket attached as shown in Fig. 19. It is advisable to cover 
the indiarubber stopper through which the barometer-tube 
passes with a layer of mercury, in order to prevent the hot 
liquid condensed in the jacket from coming into contact with 
it. 

The column of mercury is then heated to constant tern- 
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Fig. 19. 


perature in the- vapour of the liquid 
which is boiled in the bulb d the 
jacket, the temperatures registered 
by the three An^iitz thermometers 
being carefully noted. It is necess^uy 
that the liquid employed should be 
absolutely pure, thus boiling at cmi- 
stant temperature. When the sur- 
face of the mercury has become 
steady, as should be the case after 
the column has been surrounded by 
the vapour for three to five minutes, 
the height of the top of the colunm 
above the level of the mercury in the 
trough is accurately measured. 

A small Ibosely-stoppered bottle, 
such as is employed in the method 
of Victor Meyer, containing a weighed 
quantity (0*05 gram to o*i gram) of 
the substance, is then inserted into 
the open end of the tube under the 
mercury in the trough. The bottle 
rapidly rises to the top of the colunm, 
and as the contents volatihse (in so 
doing expelling the stopper), the 
surface of the column of mercury 
sinks. When the level has become 
stationary, the height of the column 
is again measured, and the heating 
of the liquid in the bulb discon- 
tinued. 

From the data observed as above 
indicated can be calculated the 
volume occupied by the vapour at 
the known temperature of the vapour 
in the jacket. It is however necessary 
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to ascertain the barometric pressure corrected to 0® at the time 
of the experiment and the volume occupied by the glass bottle 
and its stopper. This last figure, which is to be deducted 
from the observed volume of vapour, can be found by dividing 
the weight in grams of the empty stoppered bottle by the 
density of glass (approximately 2*5). It is also necessary to 
measure the lengths of the portions of the mercury cdumn 
which are heated and unaffected by the vapour in the jacket, 
as well as the temperature of the mercury in the trough. The 
depression of the column due to the weight of the bottle is 
negligible. 

The density of the vapour reduced to N.T.P. is calculated 
from the formulae : 

760(1 +o-oo3665./)W 
o*ooi2934.B.V 

P _ b ( b' . _J1_ 4. ] 

where D represents, the required density, V the volume of 
the vapour at /', / the room temperature, /' the temperature of 
the vapour in the jacket, /' the temperature of the part of the 
column not heated by the vapour in the jacket, W the weight 
of substance volatilised, 6' the height of the barometer at the 
room temperature, ¥ the length of the part of the column 
heated by the vapour in the jacket, 6" the length of the part 
of the column not heated by the vapour, s the vapour-pressure 
of mercury at the temperature /', and B the pressure reduced 
to 0® under which the volume of-the vapour was measured. 
The factor o*oooi8 is introduced in order to correct for the 
decrease in density of mercury at the temperature /, 

The following table gives the vapour-pressure, expressed 
in mm, of mercury, of mercury at temperatures between 100® 
and 320® : 

100® 075 180® ii-oo 260® 96*73 

120® 1*53 200® 19*90 280® 155*17 

140® 3*06 220® 3470 300® 242*15 

160® 5*00 240® 58*82 320* 36873 
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The following compounds are commonly employed for 
the vapour-jacket : / 

B.P. B.P. 

Water . . . 100* Acetophenone . . 200® 

Acetic Acid . .119® Ethyl Benzoate . . 213® 

Chlorobenzene . . 132® Diethylaniline . . 213® 

w-Xylene . . .139® Quinoline . . . 239° 

/ioAinyl Acetate . 142® /ioAmyl Benzoate . 262® 

Bromobenzene . . 157® a-Bromonaphthalene . 279® 

Aniline . . . 183° Methyldiphenylamine . 296® 

Dimethylaniline . . 193® Diphenylamine (M.P.54®) 310® 

For temperatures near 300® diphenylamine is frequently 
employed, but methyldiphenylamine possesses the advantage 
of being a liquid at ordinary temperatures. When emplo)dng 
diphenylamine it is advisable to replace the Liebig water- 
jacketed condenser by an air-condenser of sufficient length. 

Density of Liquids 

The density of a liquid can be determined with a high 
degree of accuracy by means 
of a very small pyknometer, 
the volume of which need 
not exceed o*8 c.c. This 
can readily be constructed 
in the blowpipe flame from 
a piece of thick-walled 
capillary tubing. The mark 
may be etched on the stem 
by coating with a thin layer 
of paraffin wax, cutting the 
wax at the required point 
with the edge of a sharp 
Fig. 20. knife, and then moistening 

the incision with a solution 
of hydrofluoric acid, removing this and the wax after a few 
seconds. The wire for suspending the pyknometer on the 
balance should be of platinum, so that the weight of the 
empty apparatus may remain constant. 




345 


DENSITY OF LIQUIDS 

Pure water is drawn in by dipping the point of the pykno- 
meter in the water and sucking the further end of a long 
indiarubber tube attached to the shorter limb. When the 
water is just past the mark, the tube is detached, and the 
pyknometer placed as completely as possible in a small beaker 
of water at a known temperature and allowed to remain in this 
bath for about two minutes, after which the excess of liquid 
is removed by inclining forwards the pyknometer, still in the 
beaker, until a piece of filter-paper applied to the fine end has 
absorbed a quantity of the liquid sufficient to bring the level 
in the other limb exactly to the mark. The pyknometer is 
then removed from the bath, inclined so that the liquid in the 
fine end flows back into the body of the pyknometer, carefully 
wiped completely dry with a silk cloth, and weighed without 
delay, suspending by means of the wire on the hook of the 
balance. 

The volume of liquid contained in the pyknometer at the 
observed temperature can be calculated from the observed 
weight of water. The following table gives the volume in c.c. 
of I gram of water at temperatures between o® and 31®. 


0® 

I '000129 

8** 

1*000114 

16® 

1*000999 

24® 

1-602641 

1° 

1-000072 

9 ® 

1*000176 

17® 

1*001160 

25® 

1-002888 

2® 

i'00003i 

10“ 

1-000253 

18® 

1-001348 

26® 

1-003144 

3 ® 

1-000009 

II® 

1-000345 

19® 

1*001542 

27® 

1*003408 

4“ 

I -000000 

12® 

1-000451 

20® 

1-001744 

28® 

1-003682 

5 ® 

1*000010 

13® 

1*000570 

21® 

1*001957 

29® 

1-003965 

6° 

1*000030 

14® 

I -000701 

22® 

1-002177 

30® 

1-004250 

f 

1*000067 

15® 

1-000841 

23® 

1-002405 

31® 

1-004550 


Corrections for the change in volume of the pyknometer with 
temperature can be calculated from the coefficient of cubical 
expansion of glass, o»oooo2584. 

The density of the substance under examination is deter- 
mined in exactly the same manner, by filling the pyknometer, 
removing the excess of liquid while in a bath of known tem- 
perature, drying, and weighing. It is, of course, necessary 
to know the weight of the pyknometer when empty and 
thoroi^hly dry. 
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Pyknometers can be obtained in whidi the density of a 
much greater volume of liquid can be determined* but the form 
of pyknometer above described yields results sufficiently 
accurate for practically all requirements in the course of work 
on organic compounds. These large pyknometers are usually 
provided with glass caps for the ends, in order to minimise 
loss of substance by evaporation. The operations involved 
in their use are the same as those indicated above, with the 
exception that a longer time must be allowed for the acquisi- 
tion of the temperature of the bath. 

In another form of pyknometer a flask of known capacity 
is filled with the liquid, placed in a bath at known temperature, 
and a stopper with a capillary boring inserted, the excess of 
liquid ejq)^ed through this boring being removed. The 



Fig. 21 . 


flask, which has previously been tared, is then weighed after 
thoroughly drying the surface. 

When it is desired to determine the density of a. liquid 
with an accuracy of only about one part in a thousand, as 
is the case with liquids submitted to qualitative examination, 
extremely rapid determinations can be effected by the use 
of the pyknometer devised by Cripps. A slight excess of 
the liquid is drawn up at the known room temperature into 
the capillary-pointed pipette, by pressing and then releasing 
the indiarubber bulb. This pipette is then removed from 
the ground socket by means of a silk doth held between the 
fingers, and wiped completdy dry, care being taken that the 
temperature of the pylmometer is not raised by contact with 
the fingers, and weighed upon the pan of the balance. The 
pyknometer, the weight of which when empty and completely 
dry must be accurately determined, may be standardised by 
fiUmg with distilled water at known temperature and weighing. 
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Determination of Optical Rotation 

The polarimeter may be employed not only for determining 
the specific rotation of optically active compounds, but also 
for estimating the concentration of solutions of active sub- 
stances of known rotatory power. 

The instrument consists essentially of two Nicol prisms, 
A and B, one of which (A) is capable of free rotation about 
the common axis. This Nicol is termed the Analyser. The 
other Nicol (B) remains fixed in position, and is termed the 
Polariser. Between the two Nicols, nearer to the polariser, 
a quartz plate, C, is interposed so as to obscure half the field. 
This' plate causes the transmitted light to vibrate in a plane 
inclined at a definite angle from that of the entering light. 




Fig. 22. 



Between this plate C and the analyser is placed a tube, D, 
containing a column of the liquid under examination, the 
length of which is accurately known. Polarimeter-tubes 
containing columns of ether lo cm. or 20 cm. length are 
generally employed. Monochromatic light must be employed, 
the source of which is usually a sodium flame, which emits 
fairly pure sodium D light. This light may, however, be 
rendered more pure by interposing a bichromate cell. Lenses 
are inserted for the purpose of condensing the light on the 
polariser, and also to serve as a telescope by which the split 
disc can be viewed. The angle through which the analyser is 
turned is read ofl on a circular scale graduated in fractions 
of d^ees and provided with a vernier and a movable micro- 
scope. 

In order to find the zero-point of the instrument, the 
polarimeter-tube is removed, the sodium flame adjusted so 
as to throw a maximum amount of light upon the lens behind 
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the polariser, and the illuminated split disc brought into focus 
by adjusting the eyepiece of the telescope. The zero-point, 
which should be the mean of several determinations, is that 
point indicated on the scale at which the illumination on 
both sides of the split disc is equal. In a well-adjusted 
instrument this point should be within a few minutes of the 
zero on the scale ; it may however vary with 
different observers, so that the zero-point should 
be determined afresh before every experiment or 
series of experiments. 

To determine the specific rotation of a sub- 
B stance, a polarimeter-tube, perfectly clean and 
dry, of which the internal length is known, is 
completely filled with the substance itself if a 
liquid, or with a solution, of known concen- 
tration and density,^ of the substance in some 
pure solvent. 

This is performed by unscrewing the cap A 
at one end of the polarimeter-tube, removing 
the glass plate B, filling the tube so that the 
surface of the liquid forms a projecting 
meniscus, sliding the plate back into position 
so as to leave no bubbles of air, and replacing 
the cap after removing any adhering drops of 
liquid ; care being taken to screw the cap on 
with suf&cient force to close the tube com- 
pletely, but not so strongly as to break the 
cemented juncture between the glass and the 
metal. 

This tube is then placed in position in the polarimeter so 
as to acquire the room temperature. Any convection currents 
within the liquid obscure the transmitted light, so that the 
tube must at no time be touched with the fingers at the glass 

* It is generally sufficient, when examining solutions, to know 
merely the concentration in terms of grams per loo c.c. of solution, 
in which case the density need not be determined. 
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portion. In some forms of polarimeter-tube the column is 
jacketed with water at a known constant temperature, the 
water being eithei motionless, or in the form of a stream such 
as in the jacket of the Liebig condenser. 

When temperature equilibrium is attained, the analyser 
is set so that equal intensity of light on each half of the 
illuminated disc is reached, and the angle againi accurately 
read. This figure, referred to the zero-point initially obtained 
in the absence of the polarimeter-tube, gives the observed 
angle of rotation. 

The specific rotation [a]|, of a pure liquid, observed by 
sodium D light at the temperature t, is calculated from the 
formula : 



where a represents the observed angle of rotation, I the length 
in decimeters of the colunm of liquid in the polarimeter-tube, 
and d the density of the liquid at the temperature at which 
the rotation is observed. 

The specific rotation of an active compound dissolved in 
a pure liquid or in a liquid of known composition, observed 
by sodium D light ^ at the temperature t, may be calculated 
from either of the formulae : 


r ,, loo.a 

or 


lOO.a 

ld,p 


where c represents the number of grams of active substance 
present in loo c.c. of solution, and p the percentage of solute 
by weight \ the other symbols representing the same factors 
as in the formula above. 

It is to be noted that both the concentration of the solu- 
tion and the nature of the solvent may occasion appreciable 


^ There 5 an increasing tendency to employ the mercury green line 
(546*1 /u/i.) as the standard wave-lenj^, since a much more convenient 
and intense source of light can be obinined by the use of a mercury 
vapour lamp and a suitable light-filter than with a sodium flame. 
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variations in the specific rotation of an active compound. It 
= is therefore advisable to carry out the experiment linder 
standard conditions. 

The concentration of a solution of an optically active 
substance may, as stated above, be estimated by the use of 
the polarimeter. This procedure involves the assumption 
that changes in dilution have no effect upon the specific 
rotation, an assumption which is justifiable, however, in the 
case of the sugars, for the estimation of which the polarimeter 
is largely employed in technical analysis. 

The number of grams of active substance present in a litre 
of solution may be cdculated from the formula : 

looo.a 

i-W 

where a represents the observed angle of rotation, I the length 
in dcm. of the column of liquid, and [a] the known specific 
rotation of the substance. 

It may here be remarked that certain compounds, such 
as dextrose, the chemical constitution of which changes at 
a measurable rate in a freshly prepared solution, may yield 
variable results, according to the length of time during which 
the solution has been allowed to stand. Thus the rotation 
of a freshly prepared solution of dextrose falls to about one- 
half the initial value after standing for some hours, owing 
to an isomeric change. Such a change in rotatory power 
is termed Mutarotation. The change is instantly effected 
in the case of dextrose by the addition of a trace of alkali or 
ammonia. 

Cane sugar and glucose can be independently estimated 
in the Same solution by utilising the effect of hydrolysis. 
The solution containing both suaose and dextrose is divided 
into two equal portions, one of these * inverted, —by warming 
to 100® for fifteen minutes with dilute hydrochloric add—and 
then neutralised, and both made up to the same volume. The 
number of grams of each constituent p^ litre of the solution 
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thus obtained may be calculated, after determining the 
rotatidn of each, by solving the simultaneous equation : 

l {$ 2 -^x + 66 * 5 y) = 1000.0 ) 

1{S2‘^X - 2i-2y) =: IOOO. 0 ') 

where * and y are respectively the number of grams of glucose 
and cane sugar present in a litre of solution, a and«' the rota- 
tions of the non-inverted and inverted solutions respectively, 
and I the length in cm. of the columns in the tubes. The 
numbers 52*8 and 66*5 are the respective specific rotations 
of dextrose and suaose ; 21*2 is the value for invert sugar, 
with reference to sucrose, corrected for the molecular propor- 
tion of water taken up by the saccharose in its conversion into 
dextrose and levulose. Polarimetric observations should be 
made at a temperature as near as possible to 20®. 
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To correspond with Chapter IV. 


Acenaphthene, 109 
Acetal, 127 
Acetaldehyde, 126 
Ammonia, 209 
Cyanohydrin, 233 
Acetaldol, 128 
Acetaldoxime, 229 
Acetamide, 21 1 
Acetanilide, 218 
Acetic Acid, 136 
Anhydride, 150 
Acetnaphthylamide, 
218, 220 

Acetoacetanilide, 217 
Acetone, 130 
Cyanohydrin, 232 
Acetonitrile, 231 
Acetophenetidide, 219 
Acetophenone, 131 
oxime, 230 
Acetotoluidide, 218, 
219 

Acetoxime, 229 
Acetoxylidide, 218 
Acetylacetone, 131 
Acetyl Bromide, 185 
Chloride, 185 
Diphenylamine, 217 
Acetylene Tetrachlor- 
ide, 168 

Acetyl Phenetidine,2 1 9 
AcetylphenyUiydra- 
zine, 218 

Acetyl Piperidine, 216 
Acetylsalicylic Acid, 
149 

Acetyl Toluidine, 218, 
219 

Xylidine, 218 


Aconitic Acid, 144 
Acrolein, 136 
Acrylic Acid, 142 
Adipic Acid, 141 
Alanine, 227 
Aldol, 128 
Alizarin, 135 
Alloxan, 213 
Allyl Acetate, 151 
Alcohol, 1 14 
Allylamine, 192 
Allyl Benzoate, 153 
Bromide, 170 
Chloride, 167 
Formate, 151 
Iodide, 172 
isoThiocyanate, 278 
Allylthiourea, 275 
Aminoacetanilide, 220 
Aminoazobenzene, 252 
Aminoazotoluene, 252 
Aminobenzoic Acid, 
224 

Aminobutyric Acid, 
226, 227 

Aminocresol, 209 
Aminodimethylaniline, 
198 

Aminophenol, 208, 209 
Aminosalicylic Acid, 
226 

Amyl Acetate, 151 
Alcohol, 1 15 
Amylamine, 193 
Amylaniline, 202 
Amyl Benzoate, 154 
Bromide, 170 
Butyrate, 152 
Carbamate, 222 
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Amyl Carbonate, 153 
Chloride, 168 
Chloroformate, 186 
Amylene, 104 
Amyl Ether, no 
Formate, 151 
Iodide, 172 
Mercaptan, 263 
Nitrate, 257 
Nitrite, 257 
Oxalate,.i54 
Phthalate, 155 
Propionate, 152 
Salicylate, 158 
Succinate, 154 
Sulphide, 264 
Valerate, 152 
Amygdalin, 166 
Anethole, 113 
Aniline, 196 
Anisaldehyde, 129 
Anisic Acid, 149 
Anisidine, 197, 198 
Anisole, in 
Anisoyl Chloride, 

185 

Anthracene, no 
Anthranilic Add, 224 
Anthraquinone, 135 
Antip3nine, 235 
Apiole, 113 
Arabinose, 163 
Arbutin, 165 
Asparagine, 225 
Aspartic Acid, 226 
Atropine, 282 
Azelaic Acid, 139 
Azobenzene, 251 
Azotoluene, 251, 252 
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Azoxybenzene, 253 
Azox^oluene, 253 

Barbituric Acid, 215 
Benzalacetone, 132 
Benzalaniline, 209 
Benzal Chloride, 169 
Benzaldehyde, 128 
Cyanohydrin, 233 
Benzaldoxime, 229 
Benzamide, 212 
Benzanilide, 220 
Benzene, 105 
Benzeneazocresol, 

252 

Benzeneazonaphriiol, 

252 

Benzenedisulphonic 
Acid, 266 

Benzene Hexachloride, 
169 

Benzenesulphinic 
Acid, 272 

Benzenesulphochloride 

273 

Benzenesulphonamide, 

274 

Benzenesulphonanilide 

275 

Benzenesulphonic 
Acid, 267 
Benzidine, 200 
Benzil, 132 
Benzildioxime, 230 
Benzilic Acid, 146 
Benzoic Acid. 140 
Anhydride, 150 
Benzoin, 133 
Benzonitrile, 231 
Benzophenone, 132 
Oxime, 230 
Benzoquinone, 134 
Benzotoluidide, 219, 
220 

Benzotrichloride, 169 
Benzoyl Chloride, 185 
Phenylhydrazine, 
220 

Piperidine, 217 
Toluidine, 219, 220 
Benzyl Acetate, 153 
Alcohol, X17 

O.A. 


Benzylamine, 193 
Benzylaniline, 202 
Benzyl Benzoate, 155 
Bromide, 171 
Butyrate, 154 
Chloride, 169 
Cinnamate, 155 
C5ranide, 232 
Disulphide, 265 
Ether, iii 
Ethyl Ether, in 
Formate, 153 
Iodide, 173 
Benzylmalonic Acid, 
140 

Benzyl Mercaptan, 263 
Methyl Ether, no 
Oxalate, 155 
Phthalate, 155 
Salicylate, 158 
Succinate, 155 
Sulphide, 265 
Sulphone, 2^ 
Sulphoxide, 266 
Thiocyanate, 278 
Benzylurea, 213 
Biuret, 214 
Bomeol, 120 
Bomyl Acetate, 155 
Bromal, 183 
Alcoholate, 183 
Hydrate, 183 
Bromoacetal, 183 
Bromoacetanilide, 259 
Bromoacetic Acid, 187 
Bromoacetophenone, 

184 

Bromoacetyl Bromide, 

185 

Bromoaniline, 257, 258 
Bromoanisole, 178, 179 
Bromobenzene, 174 
Bromobenzoic Add, 
188, 189 

Bromocamphor, 185 
Bromocydohexane, 

171 

Bromocymene, 175 
Bromoethyl Ac^te, 
191 

Ether, 178 
Bromoform, 170 


Bromohydroquinone, 
182 9 

Bromomethyl Acetate, 
190 

Bromonaphthalene, 

175, 176 

Bromophenetole, 179 
Bromophenol, 181 
Bromopjenylhydra- 
zine, 258 

Bromopropionic Acid, 
187 

Bromopropionyl Bro- 
mide, 185 
Bromostyrene, 171 
Bromotoluene, 175 
Brucine, 281, 283 
Butyl Acetate, 15 1 
Alcohol, 114, 1 15, 118 
Butylamine, 193 
Butylaniline, 202 
Butyl Benzoate, 154 
Bromide, 170 
Butyrate, 152 
Carbamate, 222 
Carbonate, 152, 153 
Chloride, 167 
Chloroacetate, 191 
Chloroformate, 186 
Citrate, 157 
Butylene Bromide, 170, 
171 

Butyl Ether, no 
Formate, 15 1 
Iodide, 172 
Mercaptan, 262 
Nitrate, 257 
Nitrite, 257 
Oxalate, 153, 154 
Phenylacetate, 154 
Phth^ate, 155 
Propionate, 15 1, 152 
Salicylate, 158 
Succinate, 154 
Sulphide, 264 
Tartrate, 157 
Thiocyanate, 278 
Toluenesulphonate, 
270 

Butyraldehyde, 126, 
127 

Butyrainide, 212 
A A 



354 


INDEX OF SUBSTANCES 


Butyranilide, 217 
^Butyric Acid, 136, 137 
Anhydride, 150 
Butyronitrile, 231 
Butyryl Chloride, 185 

Caffeine, 228 
Camphene, 108 
Camphor, 133 c 
Camphoric Acid, 141 
Anhydride, 150 
Camphoroxime, 230 
Camphorquinone, 135 
Camphorsulphonic 
Acid, 269 
CapricAcid, 138 
Caproic Acid, 137 
Caprylic Acid, 137 
Carbanilide, 221 
Carbazole, 202 
Carbon Disulphide,264 
Tetrabromide, 171 
Tetrachloride, 168 
Carbostyril, 209 
Carvacrol, 121 
Carvone, 132 
Catechol, 124 
Cetyl Alcohol, 119 
Cevadine, 281, 284 
Chloral, 182 
Alcoholate, 183 
Hydrate, 184 
Chloroacetal, 183 
Chloroacetamide, 259 
Chloroacetanilide, 259 
Chloroacetic Acid, 187 
Chloroacctone, 184 
Chloroacetophenone, 
185 

Chloroacetyl Chloride, 

185 

Chloroaniline, 257, 258 
Chloroanisole, 178 
Chlorobenzaldehyde, 
183 

Chlorobenzene, 173 
Chlorobenzoic Acid, 
188, 189 

Chloro^cfehexane, x68 
Chloroethyl Acetate, 
190 

Ether, 177, 178 


Chloroform, 167 
Chlorohydroquinone, 
182 

Chloromethyl Acetate, 
189 

Chloromethyl Ether, 
177 

Ethyl Ether, 177 
Chloronaphthalene, 1 74 
Chlorophenetole, 178 
Chlorophenol, 181 
Chloropicrin, 259 
Chloropropionic Acid, 
186, 187 

Chlorotoluene, 173 
Cinchonidine, 284 
Cinchonine, 281, 284 
Cineole, no 
Cinnamaldehyde, 129 
Cinnamanilide, 219 
Cinnamic Acid, 143 
Cinnamyl Alcohol, 1 18 
Cinnamate, 155 
Citraconic Acid, 143 
Anhydride, 150 
Citral, 129 
Citric Acid, 146 
Citronellal, 129 
Citronellol, 117 
Codeine, 281, 283 
Cocaine, 280, 281 
Coniferin, 166 
Coniine, 280, 281 
Coumaric Acid, 147 
Coumarin, 160 
Creatine, 215 
Creatinine, 215 
Cresol, 120, 122 
Cresyl Acetate, 155, 
156 

Benzenesulphonate, 

271 

Benzoate, 156 
Carbonate, 156 
Methyl E^er, in 
Toluenesn^honate, 
271 

Crotonaldehyde, 127 
Crotonic Acid, 143 
Cumene, 106 
Cyanoacetic Acid, 233 
cycfoHexane, 105 


rydoHexanol, 116, 118 
cyc/oHexanone, 1^1 
cyr/oHexene, 105 
cyr/oHexyl 'Acetate, 
152 

Formate, 152 
Cymene, 107 
Cystine, 276 

Decahydronaphthal- 
ene, 107 
Dextrin, 165 
Dextrose, 163 
Diacetin, 154 
Diacetone Alcohol, 131 
Diacetyldioxime, 231 
Diacetylphenylene^ 
diamine, 220, 221 
Diaminophenol, 207 
Diamylamine, 195 
Dianisidine, 201 
Dibenzyl, 108 
Dibenzylamine, 195 
Dibenzylaniline, 205 
Dibenzylurea, 220 
Dibromoanihne, 258 
Dibromobenzene, 175, 

176 

Dibromomethyl Ether, 

177 

Dibromophenol, »i 8 1 
Dibromopropionic 
Acid, 188 
Dibutylamine, 194 
DibutylaniUne, 204 
Dic3randiamidine, 21 1 
Dichloroacetic Acid, 
187 

Dichloroacetone, 184 
Dichloroaniline, 258 
Dichlorobenzene, 173, 

174 

Dichloroethylene. 167 
Dichloroethyl Ether, 
177, 178 

Dichloromethyl Ether, 

177 

Dichloiophenol, x8i 
Dichlorophtfaalic Add, 
189 

Dichloropropyl Ether, 

178 
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Diethylamine, 194 
Diethylaniline, 204 
Die<hylcarbanilide,2i7 
Diethyl Ketone, 130 
Diethyltoltiidine, 203, 
204 

Digitalin, 166 
Dimethylacetal, 126 
Dimethylamine, 194 
Dimethylaminoazo- 
benzene, 252 
Dimethylaminobenz- 
aldehyde, 205 
Dimethylaminophenol, 
207 

Dimethylaniline, 203 
Dimethylcarbanilide, 
218 

Dimethylglyoxime,23 1 
Dimethylguanidine, 

211 

Dimethyltoluidine, 

203, 204 

Dimethybcanthine, 228 
Dinitroanisole, 243 
Dinitroaniline, 254,255 
Dinitrobenzene, 240, 
241 

Dinitrobenzoic Acid, 
248 

Dinitrobromobenzene, 

^261 

Dimtrochlorobenzene, 

260 

Dinitronaphthalene, 

241 

Dinitronaphthol, 245 
Dinitrophenol, 245 • 
Dinitrophenylhydra- 
zine, 255 

Dinitrosalicylic Acid, 
247 

Dinitrotoluene, 239 
Dinitroxylene, 240 
Dipentene, 107 
Diphenyl, 108 
Diphenylamine, 202 
Diphenylguanidine, 
213 

Diphenylhydxazine, 

235 

Diphenylmethane, 108 
O.A. 


Diphenylnitrosoamine, 

249 

Dipropylamine, 195 
Dipropylaniline, 204 
Ditolylamine, 202 
Ditolylurea, 221 

Elaidic Acid, 143 
Epichlorohydrin, 178 
Ethylacetanilide, 217 
Ethyl Acetate, 15 1 
Acetoacetate, 159 
Acetonedicarboxy- 
late, 160 
Ethylal, 127 
Ethyl Alcohol, 114 
Ethylamine, 192 
Ethyl Aminobenzoate, 
223 

Ethylaniline, 201 
Ethyl Anisate, 154 
Anthranilate, 223 
Ethylbenzene, 105 
Ethyl Benzenesulphon- 
ate, 270 
Benzoate, 153 
Ethylbenzylanihne, 

204 

Ethyl Benzylmalon- 
ate, 154 

Ethyl Bromide, 170 
Bromoacetate, 190 
Bromopropionate, 
191 

Butyrate, 151 
Caprate, 154 
Caproate, 152 
Caprylate, 153 
Carbamate, 222 
Carbanilate, 222 
Carbonate, 151 
Chloroacetate, 190 
Chloroformate, 186 
Chloropropionate, 
190 

Cinnamate, 154 
Citrate, 157 
Cyanoacetate, 233 
Dichloroacetate, 190 
Disulphide, 264 
Ethylene Bromide, 170 
Bromohydrin, 179 


Ethylene Chloride, 168 
Chlorohydrin, 179 
Ethylenediamine, 193^ 
Ethylene Glycol, 117 
GlycolDiacetate, 1 52 
Glycol Dibenzoate, 

155 

Glycol Monoacetate, 

152 

Gly^l Monoethyl 
Ether, 115 
Iodide, 173 
Ethyl Ether, no 
Ethylacetoacetate, 

159 

Formate, 151 
Heptylate, 152 
Hydroxybenzoate, 

158 

Ethylidene Chloride, 
167 

Ethyl Iodide, 171 
Laurate, 154 
Lactate, 156 
Levulinate, 160 
Malonate, 153 
Ethylmalonic Acid, 140 
Ethyl Mandelate, 157 
Mercaptan, 262 
Methylacetoacetate, 

159 

Methylmalonate, 152 
Myristate, 154 
Nitrate, 257 
Nitrite, 257 
Oxalate, 152 
Oxamate, 223 
Oxanilate, 222 
Palmitate, 155 
Pelargonate, 153 
Phenylacetate, 153 
Ethylphenylnitroso- 
amine, 249 
Ethyl Phthalate, 154 
Propionate, 15 1 
Pyruvate, 159 
Salicylate, 157 
Sebacate, 155 
Stearate, 155 
Succinate, 153 
Sulphate, 272 
Sulphide, 264 

A A* 
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Ethylsulphuric Acid, 

fehy/xartrate, 157 
Thiocyanate, 278 
Toluenesulphonate, 
270 

Trichloroacetate, 191 
Trichlorolactate, 

Valerate, 151, 152 
Eugenol, 121 
Eugenol Methyl Ether, 
112 

Fluorene, 109 
Formaldehyde, 127 
Formamide, 210 
Formanilide, 216 
Formic Acid, 136 
Formyl Diphenyl- 
amine, 217 
Piperidine, 216 
Fructose, 161 
Fumaric Acid, 144 
Furfural, 128 
Furoic Acid, 140 
Furyl Alcohol, 116 

Galactose, 162, 163 
Gallic Acid, 148 
Geraniol, 118 
Glucosamine, 194 
Glucose, 163 
Glutamic Acid, 225 
Glutaric Acid, 139 
Glycerol, 118 
Diacetate, 154 
Dibromohydrin, 180 
Dichlorohydrin, 180 
Monoacetate, 154 
Monochlorohydrin, 
180 

Triacetate, 154 
Tribromohydrin, 171 
Tributyrate, 155 
Trichlorohydrin, i68 
Tripalmitate, 155 
Tripropionate, 154 
Tristearate, 155 
Glycine, 225 
Glycogen, 164 
GlycoUic Acid, 145 


Guaiacol, 122 
Guanidine, 210 

Helicin, 165 
Heptaldehyde, 128 
Heptyl Alcohol, 116 
Heptylic Acid, 137 
Hexachlorobenzene, 

174 

Hexachloroethane, 

169 

Hexamethylenetetra- 
mine, 210 
Hexane, 104 
Hippuric Acid, 225 
Hydrobenzamide, 210 
Hydrocinnamic Acid, 

138 

Hydroquinone, 125 
Diacetate, 156 
Dimethyl Ether, 113 
Monomethyl Ether, 
123 

Hydroxyazobenzene, 

252 

Hydroxybenzaldehyde 

130 

Hydroxybenzoic Acid, 
147. 148 

Hydroxynaphthoic 
Acid, 148 

Hydroxyphenylgly- 
cine, 226 

Hyoscyamine, 282 


Indene, 107 
Inositol, 120 
Inulin, 164 
lodoacetic Acid, 188 
lodobenzene, 176 
Iodoform, 173 
lodopropionic Acid, 
188 

lodotoluene, 176 
iso-Amyl. See Amyl 
iso-Butyl. See Butyl 
»so-But>ric. See Bu- 
tyric 

iso-Eugenol. See Eu- 
genol, etc. 
Itaconic Acid, 144 


Lactic Acid, 145 
Lactide, 161 
Lactose, 164 
Laurie Acid. 138 
Leucine, 226 
Levulinic Acid, 149 
Levulose, 161 
Limonene, 107 
Linalool, 117 

Maleic Acid, 144 
Anhydride, 150 
Malic Acid, 145 
Malonamide, 213 
Malonic Acid, 140 
Maltose, 161 
Mandelic Acid, 146 
Mannitol, 119 
Mannose, 162 
Menthol, 119 
Menthone, 132 
Mesitol, 123 
Mesitylene, 106 
Mesityl Oxide, 13 1 
Metanilic Acid, 277 
Methylacetanilide, 217 
Methyl Acetate, 151 
Acetoacetate, 159 
Methylal, 126 
Methyl Alcohol, 113 
Methylamine, 191 
MethylaminophenOl, 
208 

Methylaniline, 201 
Methyl AnLsate, 155 
Anthranilate, 223 
^Benzenesulphonate, 
270 

Benzoate, 153 
Bromoacetate, 190 
Butyrate, 15 1 
Methyl Caprate, 153 
Oiproate, 152 
Caprylate, 152 
Carbamate, 222 
Carbonate, 15 1 
Chloroacetate, 190 
Chloroformate, 185 
Cinnamate, 155 
Citrate, 157 
Methyldiphenylamine, 
204 



INDEX OF SUBSTANCES 


357 


Methyl Disulphide, 264 
Metftylene Bromide, 
170 

Chloride* 167 
Iodide, 172 
Methylethylaniline, 

203 

Methyl Ethyl Ketone, 
130 

Methyl Formate, 150 
Methylglucoside, 165 
Methylguanidine, 211 
Methyl Heptylate, 152 
Hydroxybenzoate, 

158 

Iodide, 1 71 
Lactate, 156 
Laurate, 154 
Malonate, 152 
Methylmalonic Acid, 
141 

Methyl Mandelate, 157 
Mynstate, 154 
Metnymaphthalene, 

108 

Methyl Nitrate, 257 
Oxalate, 155 
Palmitate, 155 
Pelargonate, 153 
Phenylacetate, 153 
Mettylphenylhydra- 
zine, 234 

Methylphenylnitroso- 
aminef, 249 

Methyl Phthalate, 154 
Propionate, 151 
Pyruvate, 159 • 

Salicylate, 157 
Methylsalicylic Acid, 
149 

Methyl Sebacate, 155 
Stearate, 155 
Succinate, 152 
Sulphate, 271 
Sulphide, 264 
Methylsulphuric Acid, 
272 

Methyl Tartrate, 157 
Ihiocyanate, 278 
Toluenesulphonate, 
270 

Valerate, 151 


Michler’s Hydride, 205 
Ketone, 205 
Monoacetin, 154 
Morphine, 281, 284 
Mucic Acid, 147 
M5rristic Acid, 138 

Naphthalene, 108 
Naphthalenedisul- 
phonic Acid, 267 
Naphthalenesulpho- 
chloride, 273, 274 
Naphthalenesulphon- 
amide, 274 

Naphthalenesulphonic 
Acid, 267, 268 
Naphthalene Tetra- 
chloride, 174 
Naphthionic Acid, 277 
Naphthoic Acid, 141 
Naphthol, 124 
Naphtholdisulphonic 
Acid, 268 
Naphtholsulphonic 
Acid, 2^ 

Naphthonitrile, 232 
Naphthoquinone, 134 
Naphthylamine, 199, 
200 , 

Naphthyl Benzoate, 

156 

Ethyl Ether, 112,113 
fsoCyanate, 234 
Methyl Ether, 112, 

113 

Salicylate, 158 
NaKOtine, 281, 283 
Nicotine, 280, 281 
Nitroacetaminotolu- 
ene, 256 

Nitroacetanilide, 255, 
256 

Nitroaniline, 253, 254 
Nitroanisole, 241, 242 
Nitiobenzaldehyde, 
245, 246 

Nitrobenzamide, 255, 
256 

Nitrobenzanilide, 256 
Nitrobenzene, 238 
Nitrobenzenesulphonic 
Acid, 277 


Nitrobenzoic Acid, 247, 
248, 249 f 

N itrobenzyl Alcohol, 

243 

Bromide, 252 
Chloride, 260, 261 
Nitrobromobenzene, 
260, 261, 262 
Nitrochlorobenzene, 
259, 260, 261 
Nitrocinnamic Acid, 
248, 249 

Nitrocymene, 239 
Nitrodichlorobenzene, 
260 

Nitromesitylene, 239 
Nitronaphthalene, 239 
Nitrophenetole, 242 
Nitrophenol, 244 
Nitrophenylhydrazine, 

254 

Nitrophthalic Acid, 

248 

Nitrosalicylic Acid,247 
Nitrpsobenzene, 250 
Nitrosodiethylaniline, 

250 

Nitrosodimethylanil- 
ine, 250 

Nitrosodiphenylamine, 

Nitrosomethylaniline, 

251 

Nitrosonaphthol, 250 
Nitrosophenol, 251 
Nitrotoluene, 238, 239 
Nitrotoluenesulphonic 
Acid, 278 

Nitrotoluidine, 253,254 
Nitroxylene, 238 

Octyl Alcohol, 116 
Oenanthic Acid, 137 
Oleic Acid, 143 
Orcinol, 123, 124 
Oxalic Acid, 139, 142 
Oxamide, 216 
Oxanilic Acid, 224 
Oxanilide, 221 

Palmitic Acid, 138 
Papaverine, 282 
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Paraldehyde, 127 
^^elargonic Acid, 137 
Pentachloroethane, 1 69 
Pentaerythritol, 120 
Pentane, 104 
Phenacetine, 219 
Rienanthiene, 109 
Phenanthrenequinone, 
135 t 
Phenetidine, 198 
Phenetole, in 
Phenetylurea, 214 
Phenol, 122 
Phenolphthalein, 125 
Phenolsulphonic Acid, 
268 

Phenoxyacetic Acid, 
148 

Phenylacetamide, 213 
Phenylacetanilide, 218 
Phenyl Acetate, 155 
Phenylacetic Acid, 139 
Phenylacetonitrile, 232 
Phehylacetyl Chloride, 
185 

Phenylalanine, 226 
Phenyl Benzenesul- 
phonate, 270 
Benzoate, 156 
Butyrate, 156 
Carbonate, 156 
Cinnamate, 156 
Disulphide, 265 
Phenylenediamine, 

199, 200, 201 
Phenyl Ether, 113 
Phenylethyl Alcohol, 
117 

Phenylhydrazine, 234 
Phenylglycine, 224 
Phenyl woCyanate, 

234 

isoThiocyanate, 279 
Phenylmethylpyrazol- 
one, 235 

Phenylnitromethane, 

236 

Phenyl Phthalate, 156 
Phenylpropiolic Acid, 
144 

Phenyl Propionate, 
155,156 


Phenylpropyl Alcohol, 
118 

Phenyl Salicylate, 158 
Sulphide, 265 
Sulphone, 266 
Sulphoxide, 265 
Phenylthiourea, 276 
Phenyl Toluenesul- 
phonate, 271 
Phenylurea, 213, 219 
Phloroglucinol, 125 
Phorone, 132 
Phthalamide, 214 
Phthalanil, 221 
Phthalic Acid, 142 
Phthalic Anhydride, 

150 

Phthaiide, 161 
Phthalyl Chloride, 185 
Picoline, 206 
Picramic Acid, 254 
Picramide, 255 
Picric Acid, 245 
Picryl Chloride, 261 
Pinacol, 118, 119 
Pinacolone, 130 
Pinene, 106 
Piperazine, 207 
Piperic Acid, 145 
Piperidine, 206 
Piperine, 218, 282 
Piperond, 129 
Polyoxymethylene, 1 30 
Populin, 166 
Propiolic Acid, 142 
Propionaldehyde, 126 
Propionamide, 211 
Propionanilide, 217 
Propionic Acid, 136 
Anhydride, 150 
Propionitrile, 231 
Propionyl Chloride, 1 85 
Propyl Acetate, 15 1 
Alcohol, 1 14 
Propylamine, 192 
Propylaniline, 202 
Propylbenzene, 106 
Propyl Benzoate, 153 
Bromide, 170 . 
Butyrate, 151 
Carbamate, 222 
Carbonate, 152 


Propyl Chloride, 167 
Chlorof ormate,< 1 86 
Propylene Bromide, 
170 

Chloride, 168 
Glycol, 1 16 
Propylethylene, 104 
Propyl Formate, 15 1 
Iodide, 172 
Mercaptan, 262 
Nitrate, 257 
Nitrite, 257 
Oxalate, 152, 153 
Phthalate, 154 
Propionate, 151 
Salicylate, 158 
Succinate, 154 
Sulphide, 264 
Protocatechuic Acid, 

Pseudocumene, 106 
Pseudocumenol, 123 
Pyridine, 206 
I^Ogallol, 125 
Triacetate, 156 
Pyromucic Acid, 140 
Pyruvic Acid, 149 

Quinidine, 283 
.Quinine, 280, 281, 283 
Quinaldine, 207 
Quinhydrone, 134 
Quinoline, 206 
Quinone, 1^34 
Quinonemonoxime,230 

^aflSnose, 162 
Resorcinol, 124 
Diacetate, 156 
Dibenzoate, 156 
Dimethyl Ether, iii 
Monoacetate, 121 
Monomethyl Ether, 
121 

Retene, 109 

Safrole, 112 
Salicin, 166 
Salicylaldehyde, 128 
Salicylamide, 212 
Salicylic Acii 147 
Sarcosine, 225 
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Sebacic Acid, 140 
Semidhrbazide, 235 
Starch, 165 
Stearic Acid* 138 
Stilbene, 109 
Strychnine, 281, 285 
St)^ene, 106 
Succinamide, 215 
Succinanil, 219 
Succinanilide, 221 
Succinic Acid, 14 1 
Anhydride, I50 
Succinimide, 212 
Succinyl Chloride, 185 
Sucrose, 163 
Sulphanilic Acid, 277 
Sulphobenzoic Acid, 
268, 269 
Imide, 275 
Sulphonal, 266 
Sulphosalicylic Acid, 
268 

Sylvestrene, 107 

Tannic Acid, 148 
Tartaric Acid, 146 
Terephthalic Acid, 142 
Terpin Hydrate, 1 19 
Terpineol, 119 
Tetrabromoethane, 1 71 
Tefrachloroethane, 168 
Tetrach loroethylene, 

158 

T etrachlorophthalic 
Acid, 189 

Tetrahydronaphthal- 
ene, 108 • 

Tetrahydroquinoline, 
206 

Tetramethyldiamino- 

benzopheiione,205 

Tetramethyldiamino* 

diphenylmethane, 

205 

Theobromine, 228 
Theophylline, 228 
Thioacetic Acid, 273 
Thiobenzoic Acid, 273 
Thiocarbanilide, 276 
Thiocresol, 263 
Thiophenol, 263 
Thiourea, 276 


Thiosemicarbazide.z?^ 
Thymol, 123 
Thymol Methyl Ethe^* 

1 12 

Thymoquinone, 133 
Thymyl Acetate, 156 
Th3^yl Benzoate, 156 
Toliditte, 200 
Toluene, 105 
Toluenesulphinic Acid, 

272 

Toluenesulphochloride 

273 

Toluenesulphonamide, 

274 

Toluenesulphoanilide, 

275 

Toluenesulphonic Acid 
267 

Toluhydroquinone, 125 
Toluic Acid, 139, 141 
Toluidine, 197, 198 
Tolunitrile, 232 
Toluquinone, 133 
Toluylenediamine, 199 
Tolyl Disulphide, 265 
Tolylhydrazine, 235 
Tolyl Sulphide, 265 
Sulphone, 266 
Sulphoxide, 266 
Tolylurea, 214 
Triacetin, 154 
Tribenzylamine, 196 
Tribromoaniline, 258 
Tribromoanisole, 179 
Tribromophenetole, 
179 

Tribromoidienol, 182 
Tributyrin, 155 
Trichloroacetic Acid, 

187 

Trichloroaniline, 258 
Trichloroanisole, 179 
Trichloroethane, 168 
Trichloroethylene, 168 
Trichlorolactic Acid, 

188 

Trichlorophenetole, 

179 

Trichlorophenol, 182 
Tricresyl Phosphate, 
279 


Triethylamine, 196 
Trimethylamine, 195 
Trimethylene Bromide 

Bromohydrm, 180 
Chloride, 168 
Chlorohydrin, 180 
Glycol, 117 
Glyco^Diacetate,i53 
Trimethylethylene, 104 
Trimethylxanthine, 

228 

Trinitroanisole, 243 
Trinitrobenzene, 241 
Trinitrobenzoic Acid, 
248 

Trinitrophenetole, 243 
Trinitrotoluene, 240 
Trional, 265 
Trioxymethylene, 130 
Tripalmitin, 155 
Triphenylamine, 205 
Triphenylcarbinol, 119 
Triphenylguanidine, 
219 

Triphenylmethane, 109 
Triphenyl Phosphate, 

279 

Tripropionin, 154 
Tristearin, 155 
Tyrosine, 227 

.Urea, 212 
Uric Acid, 228 
Urbtropine, 210 

Valeraldehyde, 127 
Valeranilide, 218 
Valeric Acid, 137 
Valeronitrile, 231 
Valeryl Chloride, 185 
Valine, 227 
Vanillic Acid, 148 
Vanillin, 129 
Veratrine, 284 
Veratrole, 112 

Xylene, 105, 106 
Xylenol, 122, 123 
Xylidine, 197, 198 
Xylose, 162 
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Acetals, 91, 126-130 
halogen-substituted, 
183 

Acetic anhydride, 42, 

319 

Acetylation, 42, 319 

Acetyl chloride, 43 

Acetylenic compounds, 
15. 326 

Acid anhydrides, 150 
chlorides, 78 
halides, 13, 63, 64, 
185 

Acids, amino. See 
Amino acids 
carboxylic. See 
Carboxylic acids 
halogen-substituted, 
186-199 

sulphinic. See Sul- 
phinic acids 
sulphonic. See Sul- 
phonic acids 
thiocarboxylic. See 
Thiocarboxylic 
acids 

Acyloxy acids, 149 

Adamkiewicz reaction, 
53 

Alcohols, 84-86, 113- 
120 

halogen-substituted, 
179, 180 
primary, 84 
secondary, 84 
tertiary, 84 

Aldehyde-ammonias, 
28, 209, 210 

Aldehydes, 86, 89, 90, 
126-130 

halogen-substituted, 

184-186 


Aldoses, 95 Amines, estimation, 

Aldoximes, 34, 229 319 

Alkaloids, 53, 279-285 halogen-substituted, 
Alkoxy acids, 148, 149 257-259 

Alkyl bromides, 63, primary, 37, 38-41 

170, 1 71 secondary, 41 

carbamates. See tertiary,. 37. 44 

Urethanes Amino acids, 45, 223- 

chlorides, 63, 167- 227, 276 

169 esters, 223 

chloroformates, 64, Aminophenols, 207- 
65, 185, 186 209 

halides, 63, 66, 67 Amino sulphonic acids, 
iodides, 62, 63, 68, 277 

1 71-173 Ammonium salts, 28 

nitrates, 46, 47, 257 Anhydrides, carboxy- 
nitrites, 47, 257 lie. See Acid An- 

sulphates, 57, 58, hydrides 

271, 272 Aryl halides, 67, 68, 

Alkyl sulphates, 54, 55,' 173-176 

272 bromides, 174-176 

Alkyl sulphites, 58 chlorides, 1 73-174 

Alkylsulphuric acids, iodides, 68, 176 

272 Azo confpounds, 49, 

Amides, hydrolysis, 251, 252, 286 

317, 319 Azoxy compounds, 49, 


simple, 28, 64, 210- 
216 

substituted, 32, 216- 
221 

sulphonic. See Sul- 
phonamides 
Amines, 13, 35-44 
aliphatic primary, 

191-194 

secondary, 194, 


' 50. 253 

Barium, estimation, 

315. 316 

Bases, heterocyclic, 37, 
205-207 

Beckmann rearrange- 
ment, 34 

thermometer, 334, 
337 


195 

tertiary, 195, 196 
aromatic primary 
196-201 

secondary,2oi,202 
tertiary, 203-205 


Benzalamines, 41, 209, 
210 

Benzenesulphochloride 
43, 83 

Benzenesulphon3rla- 
tion, 43, 83 
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Benzidine transfonna- Density, liquid, 344” 
ti«n, 49 346 

Benzoylation, 42, 82, vapour, 338-344 
84 Diazotisation, 38, 39, 

Benzoyl chloride, 42, 47 

44, 82, 84 . Dinitrobenzoic esters, 

Benzylisothiourea, 56 85, 86 

Benzylphenylhydra- ' Dinitrophenylhydra- 
zones, 94 zones, 88 

Bertrand, 328 , Disaccharides, 97 

Bisulphite compounds. Distillation, 1-3, 7, 98, 
54, 86, 87 102 

Biuret reaction, 53 with steam, 102 
Boiling-point, 1-3 Disulphides, 62, 264, 
Bromides. See Alkyl 265 

bromides, etc. Dumas, 297-303 
Bromination, 75, 76, Dyes, 52, 285-289 


83. 90, 91 

Bromobenzenesulpho- 
chloride, 43 
Bromo-hydrocarbons, 
170, 1 71, 174-176 

Calcium, estimation, 
315. 316 

Carbanilates, 83, 86 
Carbohydrates, 91, 92, 
161-165 

Carbon, detection, 12 
estimation, 290-297 
Carboxylic acids, 78- 
8o| 136-149 
unsaturated, 142- 
145. 325' 
hahdes, 185 
Carius, 306, 307, 31 1 
Cellulose, 97 , 

Chlorides. See Alkyl 
chlorides, etc. 
Chlorocarbonates. See 
Chloroformates 
Chloro-hydrocarbons, 

167-169, 173. 174 

Combustion, 290-303 
Cripps, 346 
Cryoscopy, 333-336 
Cumming, 321 
Cyanohydrins, 32, 232, 
233 

Dealkylation, 77, 320- 

324 


Ebullioscopy, 337, 338 
Ester-amides, 222, 223 
Esterification, 78, 84 
Esters, carboxylic, 81, 
150-160 

halogen-substituted, 

189-191 

hydrolysis, 81, 317, 

319 

ketonic, 159, 160 
sulphonic, 58, 270, 
271 

Ethers, 77, 110-113 
halogen-substituted, 

14. 65, 177-179 

Ethoxyl, estimation, 
320-324 

Ethylenic compounds, 
estimation, 324- 
326 

Fatty acids, 79, 136- 

138 

Fehling's solution, 90- 
93. 97. 327-330 
Fenton’s test, 95 
Furfural test, 95 

Glucosides, 91, 92, 165, 
166, 

Guanidines, 31, 33, 
210,211,213,215, 
219 
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Halides, carboxylic. 

See Acid haJides 
Halogen, detection, ii 
estimation, 306-311 
-substitute acids, 
186-189 
amides, 259 
amines, 257, 258 
ethers, 14, 65,177- 

nitro-hydrocar- 
bons, 63, 259- 
262 

Heterocyclic bases, 37, 
205-207 
Hewitt, 320 
Hexoses, 95, 96, 161- 
164 

Hofmann, 341-344 
Htibl, 325 

Hydantoic acids, 46 
Hydrazines, 33, 34, 

234-236 

Hydrazo compounds, 
48, 49. 236 

Hydrazones, 33, 88, 
94, 236, 237 
Hydrocarbons, 72-77, 
104-110 

unsaturated, 76, 77 
Hydrogen, detection, 
12 

estimation, 290-297 
Hydrolysis, 3 17-3 19 
Hydroxy acids, 79, 80, 
145-148 

Imides, 29, 210-216 
Iodides. See’ Alkyl 
iodides, etc. 
Iodine, estimation, 306, 
310, 311 

number, 326 
Iodoform test, 87 
lodo-hydrocarbons, 
171-173, 176 
woCyanates, 35, 234 
fsoCyanides, 35, 41 
isoNitroso compounds, 
47 

isoThiocyanates, 70, 
278, 279 
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Johnston and Lynn, 5 
Ketones, 86, 91, 130- 

133 

halogen-substituted, 
184, 185 

Ketonic acids, 149 
esters, 159, 160 
Ketoses, 95 

Ketoximes, 94, 229- 
231 

Kjeldahl, 297, 303-306 

I,actones, 160, 161 
Levulinic acid test, 96 

Maquenne, 94 
Melting-point, 3, 4, 6 
mixed, 102 

Mercaptans, 61, 62, 
262, 263 

Methoxyl, estimation, 

320-324 

Methylphenylhydra- 
zine, 95 

Meyer, 339 -- 34 I 
Millon^s reagent, 53 
Mixed ' melting-point, 
102. 

Mixtures, separation, 
98-102 

Molecular weight, esti- 
mation, 333-344 
Molisch’s reaction, 91, 
92 

Monosaccharides, 93, 
161-164 

Mucic acid test, 96 
Mustard oils. See iso- 
Thiocyanates 

Naphthyl isoCyanate, 
45 

Nessler’s solution, 89 
Neumann, 312 
Nitrates. See Alkyl 
nitrates 
Nitration, 76 
Nitriles, 28, 31, 231- 

233 

substituted. 222, 
223 


Nitrites. See Alkyl 
nitrites 

Nitro acids, 247 
alcohols, 243 
aldehydes, 245, 246 
amines, 253-255 
Nitrobenzenesulpho- 
chloride, 43 
Nitrobenzyl esters, 80, 

85 

ethers, 83 

Nitro carboxylic acids, 
247-249 

amides, 255, 256 
compounds, 51, 52, 
237 - 249 > 253-256, 
259-262, 277, 278, 
286 

ethers, 241-243 
Nitrogen, detection, 9, 

TO 

estimation, 297-306 
Nitro-halogen com- 
pounds, 259-262 
hydrocarltons, 51, 
237-241 

Nitrophenols, 52, 244 
Nitroprusside test, 62, 

89 

Nitrosoamines, 41, 249 
Nitroso compounds,4i, 
44» 50, 249-251, 
286 

Nitro sulphonic acids, 
277, 278 

Nylander's solution, 93 

Odour, 8 * 

Orcinol test, 95 
Osazones, 93, 94 ' 
Oxidation, 73, 74, 90, 

91 

Oximes, 33, 87, 229- 
231 

Oxygen, detection, 12, 
72 

Paraldehydes, 91, 126- 
130 

Pavy*s solution, 330- 
332 

Pentoses, 95, 162, 163 


Picrates, 76 
Piria and Schiff, 306, 
308,311 •' 

Phenols, 82, 83, 120- 
125 ^ 

detection, 83 
halogen-subs tituted, 

i8i, i8z 

Phenylhydrazones, 88, 
236, 237 

Phenjl isocyanate, 44, 

Phloroglucinol test, 95 
Phosphorus, detection, 
11 

estimation, 312, 313 
Platinichlorides, 36,60, 

317 

Platinum, estimation, 

317 

Plimmer and Bayliss, 
312 

Polarimetry, 347, 348 
Polysaccharides, 97, 
164, 165 

Potassium, estimation, 

316, 317 
Proteins, 53 
Prussian Blue test, 9, 
10, 69 

Purines, 52, 228 , 

Quaternary ammon- 
ium salts, 38 
Quinones, 133-135 

Recrystallization, 6, 7, 
102 

Reducing agents, 48 
Reid, 80, 83, 84 
Robertson, 309 
Rotation, optical, 347- 

351 . 

Saccharic acid test. 96 
Sandmeyer's reaction, 
39 

Schiff's reagent, 89, 91 
Schotten-Baumann re- 
* action, 41, 82 
Seeker and Mathew- 
son, 306, 310, 311 



Semicarbazones, 89 
SUver.'^timation, 315 
Smiles’s tes!^ 57, 61,62 
Sodium, estimation, 

316. 317 

Sodium fusion, 9 
Solidifjdng point, 4, ^ 
Solubility, % loi, 102 
Specific gravity, 344- 
34 ^ 

Steam distillation, loi, 
102 

Stepanow, 309 
Sugars, estimation, 

327-332. 350. 351 

Sulphates. Su Alkyl 
sulphates 

Sulphides, alkyl, 61, 
264, 265 

Sulphinicacids,57,272 
Sulphochlorides, 56, 

75 . 273. 274 
Sulphonamides, 43, 70, 
274, 275 
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Sulphonation, 73, 75 Thiocarboxylic acids, 
Sulphones, 60, 265, 59, 273 

266 Thiocyanates, 69, 

Sulphonic acids, 55, 278 

56, 266-269 Thioureas, 40, 71, 275, 
simple, 266-268 276 

substituted, 268, Toluenesulphochloride 
269, 277, 278 83 

esters, 58, 270, 271 Trisacch^des, 97, 162 
Sulphonium s^ts, 59, 

60 Unsaturation, 14, 15, 

Sulphonyl chlorides. 324-326 

Sm Sulpho- Ureas, 29, 33, 40, 212- 
chlorides 215 

Sulphoxides, 60, 61, Urethanes, 31, 33, 222 
265, 266 

Sulphur, detection, 10, Vapour density, 338- 
II 344 ' 

estimation, 31 1, 312 

Wijs, 325 

Thioamides, 71, 275, 

276 Xanthydrol, 30 

Thiocarbamides. See 

Thioureas Zeisel, 320 







